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1 Introduction

Governments sometimes rely on State-Owned Enterprises (SOEs) to enhance competition

and regulate markets. In the market for Pension Fund Administrators (PFAs) where firms

charge workers a management fee in exchange for investing their contributions, weak

competition has led to high fees and reduced workers’ net savings (OECD, 2018). As sev-

eral countries use this institutional design1, concerns over low retirement benefits have

sparked policy debates on whether alternative policies can mitigate market power and im-

prove workers’ outcomes. This paper examines the welfare effects of using a public option

—a SOE that competes with private firms in a market— as a regulatory or competition-

enhancing instrument in the market for PFAs.

The argument in favor of introducing public options2 is that, because they are not pure

profit-maximizers, they can compete more aggressively with private firms by charging

lower fees, thereby increasing workers’ savings. However, while the participation of pub-

lic options can contribute to solving market failures, the existent literature shows how the

equilibrium welfare effects of this policy are a-priori uncertain (Kang, 2022). Market seg-

mentation, price-increasing competition, and inefficient provision (Hastings et al. (2017),

Chen and Riordan (2008), Duggan and Scott Morton (2006)) can negatively affect the wel-

fare of market participants instead of increasing it (Jiménez-Hernández and Seira (2021),

Atal et al. (2021), Fonseca and Matray (2022)). Therefore, whether the public option out-

performs alternative policies in raising workers’ savings or not is an empirical question.

In this paper, we study the welfare consequences of the participation of a state-owned en-

terprise (SOE) in the Uruguayan market for Pension Fund Administrators (PFAs), where

three private firms and a public option compete. Using rich administrative data, we esti-

mate a structural model of demand and supply in which forward-looking PFAs compete

to enroll workers and manage their savings. In Uruguay, PFAs charge a single manage-

ment fee to administer and invest workers’ social security contributions until retirement,

as part of the defined-contribution retirement subsystem3. We analyze three distinct equi-

1In Latin America, these systems were introduced decades ago, and most of them are still in place: Chile
(1980), Peru (1993), Colombia (1994), Uruguay (1996), Bolivia (1997), Mexico (1997), El Salvador (1998),
Costa Rica (2001), Dominican Republic (2003), Nicaragua (2004), Ecuador (2004).

2Except where specifically noted, we will use the terms state-owned enterprises and public options inter-
changeably throughout the paper.

3PFAs participate in the defined-contribution subsystem while workers are active in the labor market. Once
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libria, driven by two policy shifts: a change in the SOE’s shareholder preferences in 2005

and the introduction of a cap on management fees in 2018. We use the estimated model to

conduct counterfactual policy evaluations.

We develop and estimate a dynamic model of demand and supply in the market for pen-

sion fund administrators. On the demand side, we specify a two-stage decision model for

inattentive individuals, consistent with the observed inertia in workers’ initial choices. In

the first stage, workers receive an awareness shock (Ho et al., 2017) that, if large enough,

leads them to re-optimize and reconsider their enrollment decision. In the second stage,

they choose where to enroll using a discrete choice model in the tradition of Berry (1994);

Berry et al. (1995). We also assume that workers are myopic (Luco, 2019), expecting ob-

served fees and average returns to remain constant until retirement.

On the supply side, we use a dynamic model of forward-looking firms that compete for

enrollees by setting fees and mean portfolio returns, with no possibility of fee or return

discrimination between new and existing cohorts. Private firms maximize the present

discounted value of economic profits, while the public option considers both profits and

workers’ savings in its objective function. Since workers already enrolled exhibit inertia

and in each period new cohorts are small relative to the existing stock of enrollees, firms

face an investing-harvesting trade-off (Beggs and Klemperer, 1992). Furthermore, given

the observed stability in management fees and return differentials in the periods we study,

we assume that equilibrium outcomes are consistent with a stationary, “no-sales” Nash-

Bertrand equilibrium (Farrell and Klemperer, 2007).

We use detailed administrative data provided by the Uruguayan social security adminis-

tration, Banco de Previsión Social. The data consists of a panel of a representative sample

of workers who made enrollment decisions between 1996 and 2020. We observe monthly

data on gross wages, basic employer characteristics, spells in and out of the formal la-

bor market, PFA enrollment decisions, and the enrollment mechanism, along with basic

demographics (sex and date of birth). We complement these data with publicly avail-

able market-level information on market shares, management fees, investment returns,

switchers, sales force agents, and PFAs’ financial statements.

they retire, insurance companies pay retirement benefits in the form of annuities, based on the retiree’s age
and accumulated savings. The defined-contribution subsystem is part of the broader retirement system,
which also includes a defined-benefit (pay-as-you-go) subsystem.
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We use market-level data to estimate a probit model for the first stage of the decision

model, where the probability of being aware depends on the gap between the fees and

returns of private firms and those of the SOE4. For the second stage, we estimate a condi-

tional logit model that allows workers’ heterogeneity in fee and return sensitivities based

on wage quartiles and whether they have access to an outside option5. To estimate pref-

erences, we exploit the fact that fees and returns are common for all enrollees within a

firm, while management costs and the potential accumulated savings from an enrollment

decision vary across individuals, due to differences in gross wages (Hastings et al., 2017).

Our estimates show that higher-wage workers are more sensitive to management fees

than to returns, and that on average make enrollment decisions that deliver higher sav-

ings relative to those of low-wage workers. These findings are consistent with evidence

that financial literacy is positively correlated with income (Lusardi, 2008).

We use estimated preferences and the assumption that firms set fees and mean returns to

maximize the present discounted value of their objective function to recover marginal en-

rollment costs and investment costs. In contrast to the previous literature that studied this

market assuming zero marginal costs (Hastings et al., 2017; Luco, 2019; Illanes, 2016), we

estimate positive enrollment marginal costs, aligned with the variable payment per en-

rollee that sales force agents receive from PFAs in practice. Additionally, we leverage the

existence of a minimum rate of return regulation and use estimated preferences and the

risk of capitalization that firms face to estimate the variable cost of obtaining investment

returns for their enrollees. Finally, to recover the non-profit motives of the public option,

we assume its enrollment marginal cost is similar to that of private firms, since marginal

cost and the conduct parameter cannot be separately identified in this case.

We conduct counterfactual policy evaluations to quantify the equilibrium welfare effects

of the public option and assess the role of alternative regulatory instruments. We consider

two main counterfactuals. First, we simulate the privatization of the SOE by converting

it into a private firm with standard profit motives and similar cost structures. We also

explore how the effects of privatization change when it is complemented with a demand-

side policy that reduces workers’ inertia. Second, we examine the effects of strengthening

the SOE’s non-profit motives and compare the results with the effects of introducing a cap

4Consistent with what we observe in the data. We modify this assumption in our counterfactual simulations.
5This depends on their wage level.
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on management fees—a regulatory tool implemented in Uruguay in 2020 and commonly

used in other pension systems.

The privatization counterfactual shows that the SOE contributes to reducing fees in the

market and increasing workers’ savings. Eliminating it would result in a 44% increase in

average fees and a 3% decrease in mean returns, leading to a 6.7% decline in expected

retirement savings for a representative worker. These effects are more pronounced for

former SOE enrollees, who experience a 150% increase in fees and a drop of over % in

savings. We also simulate a demand-side policy that complements privatization, in which

workers become more responsive to fee differences. Although increased sensitivity im-

proves overall savings and reduces fees, the degree of responsiveness required to fully

offset the effects of privatization is unrealistically high. Moreover, this combination still

creates winners and losers, with former SOE enrollees being worse off.

In the second counterfactual, we explore the consequences of increasing the non-profit

motives of the SOE and study the distributive profile of the policy relative to a cap on

management fees. We find that raising non-profit motives increases market segmentation,

leaving low-wage workers enrolled in private firms worse off due to higher equilibrium

fees cause by the incentive to harvest on lower elasticity stayers. When compared with the

cap on management fees introduced in 2020, the cap outperforms the non-profit motives

in terms of aggregate savings and equity: it increases savings for all workers, especially

the lowest earners, and narrows the savings gap between SOE and private firm enrollees

from 91.3% to 98%.

In summary, an oligopoly with a public option competing alongside three private firms

delivers welfare gains by lowering fees and raising returns relative to an oligopoly with

four private firms, particularly for the SOE’s own enrollees. Demand-side policies can

enhance competition but are unlikely to fully compensate for the privatization of the SOE.

Furthermore, strengthening the SOE’s non-profit motives can raise savings for its own

enrollees, but also exacerbate market segmentation and inequality. By contrast, a cap on

management fees improves savings across the board—especially for low-income work-

ers—and promotes convergence in outcomes between private and public enrollees.

In this paper, we contribute to two strands of the literature. First, we contribute to the

empirical literature that analyzes the welfare effects of state-owned enterprises (Fonseca
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and Matray, 2022; Jiménez-Hernández and Seira, 2021; Atal et al., 2021; Handbury and

Moshary, 2021; Curto et al., 2019; Busso and Galiani, 2019; Cunha et al., 2019). In this

context, we contribute by evaluating the equilibrium effects of a public option on welfare

in a market with forward-looking, single-product firms that possess market power, in an

environment where workers place a high valuation on the SOE. Our results show that

the presence of the SOE benefits not only workers enrolled in it but also those enrolled

in private PFAs, due to increased competition, lower fees, and higher savings, relative

to a privatization scenario in which four private firms compete. However, using its non-

profit motives more aggressively also raises market segmentation and can leave low-wage

workers enrolled in private firms worse off.

Second, we contribute to the literature that studies the regulation of the market of pen-

sion fund administrators in individual capitalization retirement systems (Hastings and

Tejeda-Ashton (2008), Hastings et al. (2017), Illanes (2016), Luco (2019)). In this case, dif-

ferent from previous papers, we observe a public option in action, instead of estimating its

effects as a counterfactual (Hastings et al. (2017)). Furthermore, the changes in the regula-

tory environment and in shareholders’ preferences allow us to understand how the wel-

fare effects of the public option change when the institutional configuration also changes.

Furthermore, we leverage the financial regulation to endogeneize the returns that firms

obtain when investing workers’ savings. This makes our analysis more comprehensive

than previous studies on the topic by dealing with the two main outcomes that matter for

workers’ retirement benefits: fees and returns.

2 Institutional Environment

2.1 Overview of the Retirement System

In 1996, Uruguay reformed its retirement system by introducing a defined-contribution

subsystem based on individual capitalization to complement the existing defined-benefit

(pay-as-you-go) system. While the latter is administered by the social security adminis-

tration, Banco de Previsión Social (BPS), and is mandatory for all workers6, the former is

mandatory only for high-wage workers. However, in practice most active workers par-

6With the exception of small groups covered by special retirement subsystems.
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ticipate in the defined-contribution subsystem and have an individual account in a Pen-

sion Fund Administrator (PFA). This subsystem is partitioned into two. Before retirement,

workers’ contributions to individual savings accounts are managed and invested by PFAs,

financial institutions regulated by the Central Bank (BCU). After retirement, an insurance

company pays an annuity based on workers age at retirement and accumulated savings7.

2.2 Worker Enrollment and Contributions

Enrollment in a pension fund administrator is optional for workers earning less than USD

1,5358 and mandatory for those earning more. If they are not already enrolled when they

first cross this threshold, they have two months to choose a PFA. If they do not, the so-

cial security administration assigns one by default9. Enrollment outside this mechanism

requires contact with sales force agents employed by PFAs

Workers contribute a fixed 15% of their gross wages to social security (with no contribu-

tions required on earnings above USD 4,605)10. The distribution of these contributions be-

tween the defined-benefit subsystem administered by the Social Security Administration

(SSA-DB) and the defined-contribution subsystem administered by pension fund admin-

istrators (PFA-DC) depends on a worker’s gross monthly wage and whether they choose

to apply Article 8 of Law 16.713. For enrollees earning less than USD 1,535, if they do not

opt for Article 8, 100% of their contribution goes to the defined-benefit subsystem11. If

they do opt for Article 8, the contribution is split equally between SSA-DB and PFA-DC

for income up to this threshold.

If a worker earns more than USD 1,535, their contribution is automatically split between

SSA-DB and PFA-DC, regardless of whether they choose to apply Article 8. However,

the specific distribution across subsystems depends on this choice. With Article 8, contri-

7Pension fund administrators do not participate in this segment.
8Expressed in real US Dollars of April 2021. Thresholds are adjusted yearly according to a Nominal Average
Wage Index.

9Until 2014, the assignment was made by lottery in proportion to firms’ market share. Since then, accounts
are assigned to the two firms with the lowest management fees, unless the gap between them exceeds 20%.
In that case, default affiliations are made only to the firm with the lowest fee. In practice, this enrollment
mechanism accounts for 10–12% of new enrollments each year, and since 2014 the SOE has been the sole
beneficiary.

10Employers’ contributions (also a share of workers’ gross wages) go exclusively to the defined-benefit sub-
system.

11See the right bar of Figure A.1.
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butions from USD 1,535 to USD 2,303 go to SSA-DB, and those from USD 2,303 to USD

4,605 go to PFA-DC. Without it, 100% of contributions above USD 1,535 are allocated to

the defined-contribution subsystem. In practice, only 0.4% of eligible workers have not

opted into Article 8.

PFAs receive workers’ monthly gross contributions, from which they pay a disability and

survivor insurance premium on behalf of the worker12 and deduct a management fee. The

remaining amount is credited to the worker’s individual account in the PFA and invested

by this institution in legally authorized assets.

2.3 PFAs’ Market Structure and Regulation

There are four active firms in the market for pension fund administrators: three private

firms and one public option. The SOE operates under the same rules as private firms,

but its shareholders are other state-owned public institutions. It has been active since the

inception of the system in 1996, with ownership divided among BROU (a state-owned

commercial bank, 51%), BPS (the Social Security Administration, 37%), and BSE (a state-

owned insurance company, 12%)13. The private segment of the market originally included

five firms, but reached its current structure after four firms merged into two in 2001.

Firms charge management fees for their services. Until 2008, they were allowed to charge

both a fixed fee (a flat monetary amount) and a variable fee (a percentage of the gross

contribution). Since then, only a single variable fee is permitted. PFAs are not allowed

to price discriminate, so all enrollees are charged the same fee. In 2018, Parliament intro-

duced a cap on fees, setting it at 1.5 times the lowest fee in the market14. This cap was

fully implemented in 2020, following a two-year transition period.

Firms invest workers’ savings in legally authorized assets and manage investment port-

folios based on the age of each enrollee. Unlike in other individual capitalization systems,

workers in Uruguay cannot choose how their savings are allocated across funds. Until

2014, each PFA operated a single investment fund. A second fund was introduced that

12Also as a share of the gross wage. The premium is set by a monopolist state-owned insurance company as
a share of workers’ gross contributions. The differences between premiums across PFAs are negligible.

13BROU: Banco de la República Oriental del Uruguay, BSE: Banco de Seguros del Estado and BPS: Banco de
Previsión Social.

14The cap is set at 1.5 times the lowest fee in the market.
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year, and since then, the allocation between the two has been determined entirely by the

enrollee’s age.

Firms are required to provide a minimum level of investment return to their enrollees. By

law, PFAs must cover any shortfall using their own capital when their rate of return falls

below a specified threshold. This threshold, which varies with the overall level of returns,

is defined as the lower of: 1) 2%, or 2) the system’s average return minus 200 basis points.

The average is calculated by weighting each firm’s return by the value of the assets under

management.

Finally, workers may switch between PFAs, provided they have made at least six months

of contributions to the one they wish to leave. Unlike initial enrollment, switching can-

not be done through a sales force agent; instead, it requires an in-person procedure at the

PFA’s office. Although this requirement has been simplified in recent years, switching

rates remain relatively low compared to other Latin American countries with capitaliza-

tion systems.

Having described the institutional setting and regulatory framework, we now turn to the

data sources and key patterns that motivate our empirical approach.

3 Data and Descriptive Statistics

3.1 Data Sources

We combine several data sources on workers’ characteristics and choices in the pension

system, along with PFAs’ financial statements and data on fees, sales force agents, and

portfolio rates of return. First, we use a novel database of administrative records collected

by BPS for a representative random sample of workers, covering the period from the mar-

ket’s inception in 1996 through 2020. The dataset is a monthly panel of worker records

containing information on wages, employer characteristics, demographics (date of birth,

sex, area of residence), and PFA enrollment decisions (enrollment mechanism and date,

selected PFA, and an indicator for whether the worker ever switched). We complement

this data with publicly available market-level data published by the Central Bank on mar-

ket shares, fees, investment returns, contributions, switchers, and sales force agents for

the 1996–2022 period. Finally, we use firms’ financial statements for 2001–2020, which are

8



also publicly available on the regulator’s website.

3.2 Summary Statistics and Enrollment Patterns

We begin by summarizing the characteristics of the worker sample and enrollment be-

havior over time. In Table 1 we show the descriptive statistics of the random sample of

workers. The median entry age to the formal labor market is 23.5 years and the median

age at enrollment is 24.9 years. Also, conditional on enrollment and excluding mandatory

enrollees, 75% of workers enroll within the first two years of entering the labor market15.

Table 1: WORKERS’ SAMPLE SUMMARY STATISTICS

Individuals 125,453
Gender (female) 0.48
Age when entering the market (median) 23.2
Age when enrolling (median) 24.9
Gross wage (median, USD) 834
Share with enrollment gross wage above threshold (USD 1,535) 0.15
Outside option (conditional on gross wage below USD 1,535) 0.26

Notes. The Table reports descriptive statistics for selected demographics for the available sample. Average 1996-

2020. UYU expressed in US$ 2017.

The median gross wage was USD 834, and 15% of workers earned gross wages above the

first contribution threshold when entering the labor market. Among individuals whose

wage eventually exceeded the mandatory enrollment threshold, 24% enrolled by default.

Finally, among those who were not required to enroll (i.e., with gross wages below the

first threshold), 74% voluntarily chose to save in an individual account within the capital-

ization sub-system. Beyond individual-level characteristics, several market-level patterns

provide insight into the structure and dynamics of competition among PFAs.

3.3 Market Dynamics and Stylized Facts

We now turn to market-level dynamics, highlighting key patterns that inform the struc-

ture of our empirical model. Individual capitalization retirement systems evolve in two

15See Figure A.3 in the Appendix

9



phases: an initial stage with mostly unenrolled workers and intense competition for new

enrollees16, and a later stage with a large stock of existing enrollees and a smaller inflow.

This paper focuses on the latter phase, beginning in 2002 when new enrollees dropped

below 10% of the total.

In Table 2, we present descriptive statistics at market level for the average year in the

period we study. The average number of enrolled workers is 1,146,540, while the aver-

age cohort of new enrollees entering the formal labor market is 63,317, representing 5.5%

of the stock. Additionally, the average number of switchers per year is low. Notably,

the switching rate (0.31%) is even lower than those observed in similar regimes in other

Latin American countries17. Low switching rates in this market have been documented

and analyzed in previous studies (Luco (2019), Illanes (2016)). Furthermore, conditional

on switching, most enrollees leave private firms and switch (95%) to the public option.

Workers leaving the public option or switching from one private firm to another are al-

most nonexistent.

Table 2: MARKET SUMMARY STATISTICS

Average Year % Enrollees

Enrollees 1,146,540
New enrollees 63,317 5.52%

Switchers 3,497 0.31%
Switchers towards SOE (95%) 3,322
Switchers towards PF (5%) 175

Notes. Average during period of analysis. Net switchers on average per year.

During the period analyzed in the paper, we identify three distinct market equilibria.

These arose from structural changes, including a shift in the preferences of the public

option’s shareholders following the 2005 change in government, and the introduction of

a cap on market fees18. The shift in shareholder preferences led to lower fees, with clear

effects on accounting profits. While we acknowledge that economic profits are the relevant

concept for firm behavior and guide the analysis in the following sections, we highlight

16A model for firms’ competition in this period is proposed in Hastings et al. (2017).
17See https://www.aiosfp.org/ for detailed information on the percentage of switchers over affiliates by

country.
18These equilibria are depicted in gray in Figure 3.
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accounting profits due to their marked variation over time, which helps distinguish the

three stationary equilibrium we characterize in our supply and demand model.

• Equilibrium 2002-2005: Relatively high SOE fee, no cap on management fees.

During this period, the public option charged slightly lower fees than private firms

but achieved similar accounting profits, as measured by Return on Equity (ROE).

• Transition 2006-2013: SOE reduces its fee, no cap on management fees. In 2006, the

SOE began reducing its fee —a shift in behavior that we argue reflects a change in the

preferences of its shareholders, as documented in minutes from public shareholder

meetings. The policy aimed to benefit workers by allowing fee reductions as long

as the ROE of the SOE remained above a minimum threshold set by the majority

shareholder.19.

• Equilibrium 2014-2017: Low SOE fee, no cap on management fees. The SOE con-

tinued to operate under the same shareholder mandate, but ROE became a binding

constraint on further fee reductions. Compared to the first equilibrium, the fee of

the SOE was cut by half, while private PFAs reduced theirs only slightly. As a result,

during this period, the ROE of private PFAs increased, while that of the public op-

tion declined from 40% to 12%. This provides preliminary descriptive evidence of a

shift in the SOE behavior. However, in our model, we do not impose this behavioral

change ex ante; rather, we recover it from the data.

• Transition 2018-2019: Low SOE fee, progressive implementation of a cap on man-

agement fees. Between 2018 and 2019, the regulator implemented a transition phase

that allowed firms to adjust from pre-regulation fee levels to the new legal maxi-

mum. Once fully implemented, the cap limited fees to no more than 50% above the

lowest fee in the market. The discussion surrounding the potential introduction of

this cap began in December 2017, so it does not affect our analysis of the earlier pe-

riod. The reduction in PFA fees observed during this phase is attributed to the new

regulation. Since 2019, private PFAs have charged fees equal to the legal maximum.

19Shareholders’ meeting for fiscal year 2017: “(...) distributable profits stood at a ROE of 14.4%, exceeding the
minimum requirement of 12% established by the majority shareholder.” (...) “it is requested to continue with the fee
reduction policy (...)”
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• Equilibrium 2020: Low SOE fee, fully implemented cap on management fees. The

cap on management fees led to a new equilibrium in which private PFAs’ fees fell

by half compared to the 2014–2017 average, and their ROE declined from approxi-

mately 60% to 20%.

Figure 1: Management Fee and Firms’ Accounting Profits

(a) Management Fee (% Gross Wage)
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Note. Management fee as a share of the gross wage component relevant for social security contributions
to the defined-contribution subsystem. The Return-Over-Equity is the ratio between distributed profits in t

and equity in t− 1. The red line represents the minimum acceptable ROE imposed by the main shareholder
on the SOE. Shaded areas indicate the 3 equilibrium periods: 2002-2004, 2014-2017, and 2020.

Within each equilibrium period, the fees of private PFAs remain relatively stable and show

little difference between them. Additionally, Figure A.2 shows that the share of old work-

ers evolves without significant variation over time. The public option is the market leader,

with nearly 40% of total enrollees. There is also heterogeneity in market shares across the

wage distribution, with the SOE capturing a larger share among higher-wage workers20.

In fact, the public option is not the leading firm among low-wage workers.

To complete the description of firms’ characteristics, Figure 3 shows the evolution and

distribution of the real annual rate of return that firms generate for enrollees by investing

their savings. Two main patterns emerge. First, returns are highly correlated over time21.

Based on informal discussions with PFA managers and regulators, this correlation reflects

both regulatory constraints —such as limits on the types and proportions of financial as-

20See shares by income bracket in Table A.1 in the Appendix.
21The lowest correlation coefficient in 1 Yr. real returns between any two firms during this period was 0.98.
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sets PFAs may hold— and behavioral responses. On the behavioral side, firms face a min-

imum rate of return regulation intended to protect workers from under-performance. In

practice, firms respond by closely replicating each other’s portfolios, resulting in similar

returns.

Figure 3: Investment Real Returns (1 Yr)

(a) Investment Returns (Monthly Series)
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Note. Real returns calculated as nominal returns deflated by the Consumer Price Index. Real gross wages
grew 2.7% on average during the same period.

Second, some private firms are slightly more successful at generating higher returns.

While short-term rankings fluctuate, certain private PFAs have consistently delivered su-

perior performance22. Leveraging this fact, we use the minimum rate of return regulation

to estimate firms’ variable costs of “producing” those returns. Finally, regarding the sale

force, the public option has the larger number of agents, with approximately 35%, a share

that is stable between the three periods23.

4 Model

The model characterizes the competition between forward-looking firms in the oligopolis-

tic market of Pension Fund Administrators to enroll workers and invest their social secu-

rity contributions. Given the observed inertia in workers’ initial enrollment decisions, we

22Importantly, whether these performance differences are sufficient to offset fee disparities is a question we
examine in Section A.2.5.

23In Table A.2 of Appendix A.2 we show the average share by firm in each period

13



develop a model based on the literature on dynamic competition with switching costs

Beggs and Klemperer (1992), where firms face an invest-harvest trade-off due to the pres-

ence of both new and existing consumers each period.

4.1 Workers

Workers’ enrollment decisions dijt are the result of a two-stage decision process that re-

peats every period t and characterizes the choices of consumers with inertia and inatten-

tion, in the spirit of Ho et al. (2017). In the first stage, workers make the decision of which

firm to choose, assuming that they will always stay enrolled with the same firm. The pref-

erences in this first stage are a combination of consumer preferences and the persuasion

by the sales force. In the second stage, consumers may receive an awareness shock that

“wakes them up” and makes them go through the problem of deciding where to enroll.

In this second stage, conditional on being aware, workers move to their best option.

4.1.1 Enrollment Decision

For enrollment decisions we use a demand system in the tradition of Berry (1994), Berry

et al. (1995). Workers make discrete choices between the J firms available at time t, and

when available24, a non-enrollment outside option -indexed by 0-. Worker i chooses the

firm j that maximizes her indirect utility uijt, represented by an index function that de-

pends on the management cost Cijt, the potential stock of savings Sijt, the number of

sales force agents sfjt, firm ηj and market ζt characteristics, and unobserved idiosyncratic

preferences ϵijt.

uijt = θ × Cijt({wik}t
r

t , fjt)︸ ︷︷ ︸
NPVi of Management Cost

+ γS × Sijt({wik}t
r

t , µjt)︸ ︷︷ ︸
NPVi of Savings

+ γSF × sfjt + ηj + ζt︸ ︷︷ ︸
Common Components

+ϵijt (1)

Since we assume that workers initially believe they are making a permanent decision, the

management cost and the potential savings stock are monetary net present value terms

that depend on the flow of workers’ gross wages {wik}t
r

t , fees {fjk}t
r

t , and returns {µjk}t
r

t

24For workers with a gross monthly wage above USD 1,535 enrollment in a PFA is mandatory. For workers
below that threshold, it is not, but more than 75% of workers enroll in one during the first two years of
entering the labor market. Furthermore, enrollment is a terminal state. Once enrolled, a worker can switch
between PFAs but cannot leave the market.
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between enrollment at t and retirement at tr. We assume that workers believe that the fees

and returns of period t will remain constant until retirement. However, we assume that

they have better information about the path that their own wages will follow in the future

and that they discount the future according to a common factor δ. Note that even though

fees and returns are common for all enrollees, the management cost and the potential

savings stock are worker-specific. Cost and savings terms are calculated as follows:

Cijt =
k=tr∑
k=t

δk−tfjtwik, (2)

Sijt = τ ssc
k=tr∑
k=t

δk−twik × (1 + (µjt − µ̄t))
tr−k (3)

Furthermore, we allow workers to have different sensitivities for each term (θ, γS), as one

can be more salient than the other at the decision stage. In this sense, the savings’ stock

measures the potential monetary gains (or losses) from selecting a firm with returns µjt

above (or below) the market average µ̄t, scaled by the social security contribution rate

τ ssc, with fjt ∈ [0, τ ssc]. We also assume that the sales force deployed by each firm in the

market sfjt, on top of affecting the main parameters (θ, γS), can also shift the mean utility

with sensitivity γSF . Finally, we assume that unobserved idiosyncratic preferences are

distributed Type One Extreme Value. The individual choice probabilities prijt are given

by the following expression:

prijt
(
{wik}t

r

t , ft,µt

)
=

exp[θCijt + γSSijt + γSF sfjt + ηj + ζt]

1 +
∑

k exp[θCikt + γSSikt + γSF sfkt + ηk + ζt]
(4)

4.1.2 Awareness

Consumers may wake up and face the problem of deciding where to enroll. A worker’s

awareness is represented by a binary random variable Aijt, which takes the value 1 if the

worker is aware and 0 otherwise. For workers entering the labor market for the first time

(i.e., potential new enrollees), we assume full awareness; thus, they make a choice con-

sistent with the model described in the previous subsection. In contrast, workers who

enrolled before the period t (old enrollees) receive an awareness shock εijt each period.

When this shock exceeds a threshold (εijt ≥ ε̄ijt), the worker re-optimizes. We assume

that the shock follows a standard normal distribution εijt ∼ N(0, 1). The probability of
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awareness awijt depends on a fixed effect of the firm υj and a dummy variable that indi-

cates whether the simplified switching procedure introduced in 2013 is in effect (Post2013):

awijt = Φ(β0 + β1 × (fjt − fSOE,t) + β3 × (µjt − µSOE,t) + β4 × Post2013 + υj) (5)

Consistent with what we observe in the data25, in the baseline model we work under the

assumption that conditional on receiving a shock that makes them re-optimize, work-

ers decide to move to the state-owned enterprise. Therefore, only old enrollees in a pri-

vate firm may re-optimize in the baseline model. Furthermore, this is the reason why the

cumulative distribution function that calculates the probability of being aware awijt is a

function of the difference between the fees and returns of private firms relative to those

of SOE. Notice that while being aware and switching from a private PFA to the SOE are

equivalent in this model, we revisit this assumption in our counterfactual scenarios26.

4.2 Firms

In the model, oligopolistic, forward-looking firms compete to enroll workers and man-

age their social security contributions. The strategic behavior of firms manifests in two

strategic variables: management fees (fj) and the mean of the portfolio returns (µj).27

Since firms can charge only a single management fee and enrolled workers exhibit inertia,

firms face an investing-harvesting trade-off Beggs and Klemperer (1992). On the one hand,

firms have incentives to “harvest” by charging a high fee to profit from their existing base

of enrollees. On the other hand, by charging a lower fee, they have incentives to “invest”

in obtaining a higher market share of new workers that will remain enrolled between t

and tr -with high probability - and therefore to make more profits from them in the future.

The model captures a second trade-off related to the portfolio returns that firms obtain

from investing workers’ savings. On the one hand, obtaining higher returns is good

for firms for two reasons. First, because returns attract workers and increase revenues

through enrollment decisions. Second, because higher returns reduce the probability of

25See Section 3 for additional details.
26In those cases, workers that re-optimize do choose according to the model in Subsection 4.1.1 second stage

model we stated in the previous section.
27While we allow the sales force to influence the enrollment probability, in the model we treat it as non-

strategic.
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capitalization, and therefore reduce firms’ expected costs associated with the minimum

rate of return regulation. On the other hand, achieving higher returns is costly. Consistent

with optimal portfolio theory, We assume that firms can control the mean return of their

portfolio through their asset allocations but that a higher return exposes them to higher

risk. We take advantage of the institutional environment to estimate the implicit cost of

generating portfolio returns.

4.2.1 Revenues

Firms obtain revenues each period t by charging a management fee fjt to their enrollees,

expressed as a share of their gross wage28. The fee affects the choices of new and old

enrollees according to the decision model of Section 4.1. We work with a stationary model

of the labor market and re-express choice probabilities as monetary shares that aggregate

across workers29. These shares depend on choice probabilities prijt, but re-weight workers

according to their wages wit, consistent with the fact that firms obtain higher revenues by

enrolling higher wage workers.

In the stationary model of the labor market, the mass of wages of new workers is a fixed

fraction α of the aggregate wage mass Mt. Under these assumptions, we express expected

revenues as the management fee multiplied by the sum of two components: 1) the share

of the wage mass from new enrollees, snjt(ft,µt), applied to αMt, representing workers

entering the labor market; and 2) the share of the wage mass from existing enrollees,

sojt(ft,µt), applied to (1−α)Mt, accounting for continuing workers net of those who retire.

Furthermore, for the case of private firms, revenues also consider the probability that old

enrollees in firm j may become aware and leave to enroll in the SOE30. The following

equation describes private firms’ expected revenues each period.

E
[
Yjt

]
= fjt ×

(
αMt s

n
jt(ft,µt)︸ ︷︷ ︸

New Workers’ Wages

+(1− α)Mt s
o
jt(ft,µt) (1− awjt(ft,µt))︸ ︷︷ ︸
Old Workers’ Wages

)
(6)

28Because the social security contribution rate is fixed (15%) and the management fee is deducted from
these contributions, the fee can be also expressed as a share of the social security contributions (fjt/0.15).
Furthermore, this implies that workers pay for this service only when they are active in the labor market
and have a formal job.

29See Appendix A.3.2 for additional details.
30Consistently, these switchers represent additional revenues for the SOE. So the revenues equation for the

SOE includes all the consumers that are aware and, therefore, move to the SOE each period
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For the SOE the revenue equation is given by the following equation:

E
[
Yjt

]
= fjt ×

(
αMt s

n
jt(ft,µt)︸ ︷︷ ︸

New Workers’ Wages

+(1− α)Mt s
o
jt(ft,µt)︸ ︷︷ ︸

Old Workers’ Wages

(7)

+
∑
∀k ̸=j

(
(1− α)Mt s

o
kt(ft,µt)× (awkt(ft,µt))

)
︸ ︷︷ ︸

Workers from Private Firms

)

In Appendix A.3.4 and A.3.5, the revenue equations in net present value are derived.

4.2.2 Costs

Firms incur economic costs from their regular business activities and from complying

with the regulation in place. The model considers the variable costs of 1) enrolling new

workers, 2) obtaining portfolio returns, and 3) complying with the regulations regarding

3.1) the minimum rate of return that firms must achieve for enrollees and, 3.2) the equity

they must put aside and invest mirroring the portfolio that enrollees have.

The cost of enrolling new workers is a variable cost related to the payments that firms

make to their sales force agents as a reward when they bring in new enrollees. In practice,

this payment is tied to the “value” of the new enrollee in terms of the wage, the expected

density of future contributions, etc. To better reflect this feature, in the model the marginal

cost of enrolling an additional worker depends on the wage of the new enrollee: we ex-

press the cost as the product of the enrollment probability prijt(ft, µt), the wage of the new

enrollee wn
it, and a firm-time specific cost per dollar CPDjt.

Firms also incur a variable cost f(µjt|κj) to achieve the mean return µjt for their enrollees.

This cost is related to optimal portfolio theory and reflects the increasing volatility risk

firms must manage when seeking higher mean returns. This is a reduced-form mechanism

that summarizes the economics of an efficient frontier without risk-free assets Markowitz

(1952). Furthermore, based on what we observe in the data, we allow firms to have differ-

ent investment abilities, as summarized by the firm-specific parameter κj .

Firms benefit from higher returns not only because they increase the enrollment proba-

bility, but also because they reduce -ceteris paribus- the expected cost of capitalization.
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The regulation requires firms to compensate workers with their own equity when real-

ized returns Rjt fall below a threshold rmin,t. The threshold rmin,t is the minimum between

2% and the average return of the market minus 2%: rmin,t = min{R̄t − 2%; 2%}. See Ap-

pendix A.3.6 for details. Since both returns are random variables, the economic cost as-

sociated with this risk is determined by their joint distribution.31 When this event occurs

(Rjt ≤ rmin,t), the capitalization cost depends on the gap between the realized returns and

the stock of workers’ savings managed by firm j (PSFjt, Pension Savings Fund).

Finally, to further incentivize firms to achieve good returns for enrollees while simulta-

neously mitigating the moral hazard of investing others’ money, the regulation requires

firms to invest their own equity, mirroring the asset portfolio they select for enrollees. The

required equity investment is a fixed fraction (0.5%) of the total stock of savings they man-

age (PSFjt). This regulation imposes an opportunity cost on firms by constraining their

portfolio allocations along multiple dimensions, including asset type, origin, and credit

rating, among others, thereby limiting their ability to allocate their equity freely. We cal-

culate this cost using the benchmark rate of return r∗t that would be obtained from an

unconstrained allocation.

Taken together, the elements of the expected cost of firm j in period t described previously

are summarized in the following equation:

E
[
Cjt

]
=

∑
ic=t

prijt(ft,µt) · wit · CPDjt︸ ︷︷ ︸
Enrollment Cost of New Workers

+ f(µjt|κj)︸ ︷︷ ︸
Investment cost

(8)

+ E
[∣∣(rmin,t −Rjt)

∣∣× PSFjt|(Rjt < rmin,t)
]

︸ ︷︷ ︸
Expected Capitalization Cost

+E
[
0.5% · (r∗t −Rjt) · PSFjt

]
︸ ︷︷ ︸
Expected Opp. Cost of Firm j’s Equity

4.2.3 Firm Problem and Equilibrium

We solve the problem of the firm using the elements related to workers’ preferences and

firms’ revenues and costs described above. We assume that firms play a dynamic, full

information, simultaneous move game each period. In the game, firms set the sequences

of management fees {fjk}Tt and mean returns {µjk}Tt between t and a terminal period T ,

that maximize the present discounted value of their objective function W({fjk, µjk}Tt )jt.
31See Appendix A.3.6 for details of this probability distribution.
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For private firms, the objective function considers only economic profits (E
[
V (f, µ)jt

]
),

whereas for the state-owned enterprise, it incorporates a weighted sum of profits and the

stock of its enrollees’ savings. We denote the weight on workers’ savings as Non-Profit

Motives (NPM), represented by the parameter λ, with the remaining weight on profits

given by (1− λ).

W({fk, µk}Tt )jt = (1− λ)

(
E
[
V ({fk, µk}Tt )jt

])
︸ ︷︷ ︸

NPV Profits

+λ

(
E
[
Savings({fk, µk}Tt )jt

])
︸ ︷︷ ︸

NPV Workers’ Savings

(9)

1) E
[
V (f, µ)jt

]
=

k=T∑
k=t

βk−tE
[
πjk

]
=

k=T∑
k=t

βk−tE
[
Yjk − Cjk

]
2) E

[
Savings(f, µ)jt

]
=

k=T∑
k=t

βk−tE
[∑

i

l=k+(tri−t)∑
l=k

wil(τ
ssc − fjl)

l=k+(tri−t)∏
l

(1 +Rjl)
]

We work under the assumption that observed fees and mean returns constitute a pure-

strategy, stationary “no-sales” Nash equilibrium of the game, in the spirit of Farrell and

Klemperer (2007). This implies that equilibrium fees and mean returns are constant in

every period k between t and T : {f∗k, µ∗
k}Tt = (f∗t ,µ∗

t ). Firms know the distribution of the

preference shocks (ϵ) and awareness (ε) shocks that workers receive but not their real-

izations. The timing of events is as follows. First, firms choose simultaneously fees and

mean returns to maximize their objective function. Afterwards, workers observe their

preference and awareness shocks and decide.

5 Estimation and Results

5.1 Demand

5.1.1 Specification Details

We estimate workers’ demand of Subsection 4.1.1 the following Hastings et al. (2017). In

order to allow for flexible preference heterogeneity, we estimate conditional logit models

separately for five demographic brackets (b) using workers’ micro data. First, we divide

the population into those with and without an outside option. For those with an outside
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option, we further classify individuals into four quartiles based on the distribution of

gross wages. For individuals without one, we construct a single group. Therefore, the

vector of sensitivity parameters {θb, γb
S, γ

b
SF} and the firm ηbj and time ζbt fixed effects are

specific for each bracket b.

To compute the net present values of the management cost Cijt(i) and of the potential

savings stock Sijt, we assume that workers are active in the labor market for 40 years

before retirement. Additionally, for the wage wik we use the average wage over workers’

life cycle wi =
1
40

∑l+40
l wil. To estimate this wage, we first regress observed wages against

age and age-squared, and then compute the average wage consistent with the estimated

wage curve32. Finally, to calculate the stock of potential savings Sijt, we assume that the

mean return rate µjt is equal to the average 12 months’ return during the year before the

enrollment decision.

For the stage of Subsection 4.1.2 we use a probit model to estimate the awareness proba-

bility. Due to the fact that we only have aggregate switchers’ data at the firm level, we use

data from the entire period for which we have information (2002-2020).

5.1.2 Identification

The identification of the cost and savings stock sensitivities {θb, γb
S} is based on the fact

that fees and returns are plausibly exogenous. We extend citehastings2017sales who use

a similar argument for the identification of the fee sensitivity. In our setting, firms set na-

tional fees and have single portfolios for their enrollees, but costs and potential savings

are worker-specific and vary with gross wages and spells in the formal labor market. This

individual-level variation of the costs and benefits that every PFA delivers, even among

individuals with similar demographic characteristics, gives us arguably exogenous varia-

tion to estimate the target parameters. The identification of the other parameters follows

the standard identification arguments.

5.2 Results

We estimate the conditional logit model by maximum likelihood separately for workers in

each bracket b. In Figure 5 we summarize the results by displaying the median elasticity
32See Appendix A.4.1 for details.
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to the management cost Cijt and the potential savings stock Sijt for individuals in each

estimation bracket. We calculate these using estimated parameters, observed fees and

returns, and workers’ characteristics33.

Figure 5: Median Elasticity by bracket

(a) Management Cost (b) Potential Savings

Note. Within-bracket median PFA elasticity, all periods. Elasticities are calculated using observed
fees, mean returns, and gross wages.

The estimates show that higher-wage individuals are more elastic than lower-wage ones

with respect to changes in the management cost34, but this pattern reverses for the savings

component. In particular, the correlation between the wage level and the sensitivity to

the management cost is in line with the previous literature on individual capitalization

pension systems in other Latin American countries (Hastings and Ashton, 2008) (Hastings

et al., 2017), and on financial literacy (Lusardi, 2008).

Furthermore, while both terms are monetary metrics, management costs appear to be

more salient than potential savings to workers when making enrollment decisions. This

is reflected in the magnitude difference between the estimated elasticities of both terms.

Considering the differences in management fees that exist between private firms and the

SOE, the estimates are consistent with the fact that higher wage workers enroll dispropor-

tionately more in the SOE than low wage workers35. This pattern is relevant for under-

standing the welfare implications of alternative regulations and market configurations.

33Demand estimates are presented in Tables A.4 of the Appendix.
34In Figure A.7 we show the management fee elasticities in each period.
35See Figure A.8 in Appendix A.4
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We estimate the first-stage awareness probit with maximum likelihood36. In the baseline

model, the results imply that an increase of one standard deviation in the fee differential

(fjt − fSOE,t) raises the probability of leaving firm j to the SOE by 9 p.p. Similarly, an

increase of one standard deviation in the mean return differential (µjt − µSOE,t) reduces

the probability of leaving firm j to the SOE by 2 p.p.

We new use the system of first-order conditions with respect to fees and mean returns

from firms’ problem, the estimated demand, and market level data to recover the vector

of enrollment cost per dollar (CPDjt), the parameters of the investment cost function (κj)

and the weight related to the state-owned enterprise Non-Profit Motives (λ).

5.3 Enrollment Marginal Cost and Non-Profit Motives

We recover the cost per dollar of enrolling a worker with average wage wi in three different

periods: 2002–05, 2014–17, and 2020. As described in Section 3.3, we interpret these as

three stationary equilibrium, reflecting the change in shareholder preferences on the SOE’s

board in 2005 and the introduction of a cap on management fees in 2018. In Table 3 we

show the enrollment marginal cost for the first two equilibrium and the three private

firms. For private firms, we estimate enrollment marginal costs of enrolling an average

wage enrollee t to be between $10 and $30 in the first period, and between $40 and $67 in

the second.

Table 3: Enrollment Marginal Cost and Non-Profit Motives

Average CPD (USD) SOE NPM (λ̂)

Equilibrium PF 1 PF 2 PF 3 SOE (λ = 0) (Max. MCPF )

2002-05 10 29 21 -275 0,63
2014-17 45 67 40 -394 0,86

Note: Cost of enrolling a new worker with the average gross monthly wage, inflation-adjusted

USD (2017).

Remarkably, we cannot separately identify the cost per dollar CPD and non-profit mo-

tives λ for the state-owned enterprise. As shown in Table 3, ignoring non-profit motives

would require accepting a negative marginal enrollment cost to rationalize the observed

36In Table A.3 of the appendix we display the estimation outcome.
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equilibrium variables under the implicit pure profit-maximizing behavior. Given that

firms in this market incur variable costs when enrolling additional individuals, this sce-

nario seems unlikely. The marginal cost in this market is mainly associated with paying

sales force agents to enroll new workers entering the labor market37. Therefore, we pro-

ceed by assuming that the marginal cost of the SOE is equal to the marginal cost of the less

efficient private firm (PF 2). The direct implication of this assumption is that non-profit

motives effectively increased between the first and the second equilibrium.

5.4 Investment Cost

The remaining unobservable primitive we recover is the vector of parameters κ that con-

trols the variable investment cost that firms pay to obtain units of portfolio returns. We

parameterize the cost function as f(µjt|κj) = exp (κj · µjt). In this case, different from the

enrollment marginal cost, we assume that firms have a time-invariant ability to obtain

those returns. Table 4 we display the mean return, the expected capitalization probabil-

ity consistent with observed returns and the minimum rate of return regulation, and the

estimated κ for each firm.

Table 4: Investment Cost

Variable PF 1 PF 2 PF 3 SOE

µ∗
j 1.64 1.00 1.44 1.34

E[Pr(Cap)j] 1.1% 1.5% 1.7% 0.3%
κ̂ 944 1,518 1,090 1,128

ω = [0.18; 0.09; 0.16; 0.57], σ = [0.089; 0.088; 0.095; 0.094], ρjk =

0.9

Notice how the equilibrium effect of the regulation results in smaller firms having a higher

capitalization probability, and this occurs despite obtaining higher returns on average.

Due to its size, the SOE has the lowest probability (0.3%), which is about one-third the

37Although we do not directly observe the variable wage component that sales force workers receive for each
affiliation, using data on the sales force average productivity (calculated as the ratio between monthly new
enrollees per firm over monthly total sales force agents), and aggregated wages, and on their minimum
wage established in Collective Agreements, we can approximate the observed variable wage they earn.
For 2017 this calculation implied a mean variable wage component of USD 63 dollars per enrollee, a figure
close to our enrollment marginal cost estimates. In the Appendix A.6 we show in detail how we arrived
at these values.
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probability of the private firm that achieves the highest mean return (1.1%). Therefore, the

fact that some private firms achieve higher returns for their enrollees while facing higher

capitalization probabilities is, in our model, consistent with a lower cost to generate those

returns and a lower value of κ̂.

6 Counterfactuals

We use our estimates about preferences and marginal costs to understand the value of

the public option and the effect of the regulation on fees in the market. In particular,

we analyze two counterfactuals. In the first one, we substitute the public option with a

private firm that resembles the other private options. Here we try to capture the value

of the public option by comparing the observed market equilibrium with an alternative

configuration with private PFAs only. In the second, we analyze how far the observed

equilibrium was from a benchmark where fees were set such that PFAs have zero eco-

nomic profits. We separate the analysis between 2014-2017 and 2020 to account for the

effects of the introduction of the fee regulation in the later period.

6.1 Privatization

The privatization counterfactual implies simulating the equilibrium we would observe

in an oligopoly with four private firms, instead of the one we observe with three private

firms and one public option. The approach we follow implies asking “what if the SOE is sold

to a private investor, a new board takes over, and all enrollees were informed about the change”.

To do so, we must address how a privatization affects certain demand and supply side

aspects of our model.

6.1.1 Implementation Details

In the case of supply, we consider changes in non-profit motives and in harvesting incen-

tives due to a large pre-existing base of enrollees. In the first case, in the counterfactual

firms care only about economic profits, so we set the value of the parameter that sum-

marizes non-profit motives in the public option to zero (λ = 0). In the second, we deal

with the sizable harvesting incentives by redistributing the share of old enrollees among
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all four firms38.

In the case of demand, we consider how the privatization affects the awareness prob-

ability (first stage) and the enrollment decision (second-stage). For the probability that

worker i enrolled in firm j becomes aware39, we assume that the chance of receiving a

large attention shock and re-optimize is now a function of the differences between firm

j’s fee and mean return, and their associated market averages40. For the enrollment de-

cision, we change the estimated intrinsic mean valuation ηbSOE that workers have for the

public option, and replace it with the average valuation they have for private firms ηj
b.

These changes in the two-stage decision problem imply that awareness and switching are

not equivalent events any more41. Furthermore, for enrollees that decide to switch, we

assume that the firm pays the enrollment marginal cost CPD.

6.1.2 Privatization Results

The counterfactual indicates that, in equilibrium, the public option reduces fees, increases

portfolio returns, and raises the expected savings of all workers. In our preferred spec-

ification,42 the privatization of the SOE would increase average fees by 8% and reduce

average returns by 3% (4 bp), relative to the stationary equilibrium in 2014–17. This im-

plies that the expected savings at retirement for a new worker who enrolls in the new

market equilibrium and remains active for forty years would decrease by 6.7%, on aver-

age. In contrast, the profits of the four firms more than double. We present these results

in Table 5, where we decompose the effects of the different implementation assumptions

we adopt.

38The public option is the largest firm, so only setting non-profit motives to zero would imply a massive
increase in the equilibrium fee of this firm. In the main specification we redistribute the old enrollees of
the SOE in equal parts among all four private firms.

39We retain the assumption that new workers are aware with certainty.
40In the baseline, this probability was a function of the difference between private firms’ fees and mean

returns relative to those of the SOE. More importantly, awareness and switching coincided but now they
do not.

41For old enrollees, being aware and switching from a private firm to the SOE were equivalent events in the
baseline model. This was motivated by the switching pattern that we observe in the data (See Table 2).

42Consistent with the specification details described in the previous section. In Table A.7 of the appendix,
we present the effects when we assume efficiency gains motivated by the privatization of the SOE. The
main conclusions are similar.
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Table 5: Privatization - Oligopoly with Four Private Firms

Fees f∗
j Returns µ∗

j E[πt] E[Savings]*

(% Gross Wage) 1Yr (%) (US$ Mill.) (US$ ’000)

PFs SOE PFs SOE PF (Tot.) SOE PFs SOE

Baseline Equilibrium (Avg. 2014/17) 1.94 0.80 1.36 1.33 60.17 26.72 40.75 44.59

Counterfactual

1) → λ̂ = 0 1.90 4.66 1.35 0.99 56.39 164.77 40.80 28.26
2) → λ̂ = 0 + soldSOE = soldj = 0.25 2.11 2.70 1.35 1.29 103.87 44.50 40.05 37.29
3) → 2) + ηSOE = η̄pf 2.10 2.20 1.35 1.32 103.51 35.66 40.08 39.36

* Mean savings for a worker facing equilibrium f∗ and µ∗ for 40 years. PF averages are weighted by enrollment shares sj . Awaking
probability is a function of the difference between a firm’s fee and the market average. When consumers awake, they meet the sales
force (as in the first choice). Marginal costs apply every period.

In terms of heterogeneity, while the direction of the changes is common across firms, the

magnitude of the effects is not. For workers enrolled in the SOE, privatization implies a

150% increase in fees and a 4.5% (6 bp) reduction in the return rate, which together reduce

the expected savings of the average worker by 11.1%. The magnitudes are more modest

in the case of private firms: privatization results in an average increase in fees of 8% and a

1.5% (2 bp) reduction in the mean return rate, with an associated 1.7% decrease in workers’

savings. Overall, the results show that competition in the market is modest and that the

benefits delivered by the SOE’s non-profit motives are largely concentrated among its own

enrollees. The combination of a modest demand sensitivity to fee differences —which

leads sometimes enrollees to select dominated options— and the absence of strong entry

incentives for new firms43 imply that the privatization of the SOE would reduce savings

across the board.

6.2 Inattention

A typical argument against supply-side regulations is that demand-side policies can make

the market more competitive through changes in consumer behavior. To examine whether

such policies could offset the negative effects of privatization in this market, we simulate

the effects of a policy that reduces inertia. To conduct this analysis, we increase the sensi-

tivity of enrollees to the difference between the fee of their current option j and the market

average, which, in the context of our model, implies an increase in the parameter β1.

43In Appendix A.7.2 we analyze these incentives in more detail.
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As displayed in Table 6, results show that reducing inattention would increase competi-

tion and benefit all enrollees. Because old enrollees are more likely to re-optimize when

a firm charges a fee above the market average, harvesting incentives are moderated, and

therefore the equilibrium fees of all firms are lower in equilibrium. However, for this to

compensate for the negative effects of privatization, the increase in β1 must be sizable.

For the average fee to decrease by 27.5% and the stock of savings to increase by 5.4%, the

sensitivity must increase by a factor of four.

Table 6: Privatization + Demand-Side Policy

Fees f∗
j Returns µ∗

j E[πt] E[Savings]*

(% Gross Wage) 1Yr (%) (US$ Mill.) (US$ ’000)

PFs SOE PFs SOE PF (Tot.) SOE PFs SOE

Baseline Equilibrium (Avg. 2014/17) 1.94 0.80 1.36 1.33 40.97 6.87 40.75 44.61
Privatization 2.11 2.7 1.35 1.29 103.87 44.5 40.05 37.29

Counterfactual (Privatization + ↑ Sensitivity)

2× β̂1 1.86 1.81 1.35 1.28 90.6 28.9 40.97 40.39
3× β̂1 1.66 1.64 1.35 1.28 80.27 25.79 41.72 41.06
4× β̂1 1.49 1.48 1.35 1.29 71.57 23.05 42.35 41.66

* Mean savings for a worker facing equilibrium f∗ and µ∗ for 40 years. PF averages are weighted by sj .

Furthermore, even if a demand-side policy could effectively achieve this, the combination

of privatization and inattention reduction policies would still create winners and losers

relative to the baseline environment with three private firms and one public option. Note

that while the former implies higher savings for the enrollees of private firms, it leaves

enrollees in the former SOE worse off.

Due to the fact that demand-side policies have not been able to reduce equilibrium fees

substantially in this market before, we consider the required increase to compensate for

the privatization negative effects for workers to be unlikely. Looking from a different an-

gle, it is highly likely that the public option increases retirement savings for everyone, at

the same time that it creates winners and losers among the pool of workers that partici-

pate in the market. For this reason, we explore now how it performs relative to another

common policy in this market: a cap on the management fee.
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6.3 Regulation by public options

Having shown that a public option with non-profit motives increases workers’ savings

relative to an oligopolistic market with only private firms, we now examine how far such

motives can go as an instrument to improve equilibrium outcomes for workers. We also

compare these outcomes with those achieved under a cap on management fees. This is

motivated by the fact that many countries rely on fee caps as a regulatory instrument in

the market of pension fund administrators, and that we observe the consequences of its

introduction in the case we study.

In our baseline specification, we found that the reduction of the management fee of the

SOE observed between the first equilibrium (2002-05) and the second (2014-17) was con-

sistent with an increase in its non-profit motives (the weight the SOE assigns to workers

savings in its objective function) from 0.63 to 0.86. Accordingly, in this counterfactual,

we use the second equilibrium as baseline (λ = 0.86), and increase the SOE’s non-profit

motives to match two potential targets: (1) an extreme case with a zero management fee

(free provision), and (2) a less extreme case with an equilibrium fee that implies zero eco-

nomic profits. In Table 7 we display these results and compare them with the observed

equilibrium after the cap on fees was introduced.

Table 7: Non-Profit Motives and Cap on Management Fees

Fees f∗
j Returns µ∗

j E[πt] E[Savings]*

(% Gross Wage) 1Yr (%) (US$ Mill.) (US$ ’000)

PFs SOE PFs SOE PF (Tot.) SOE PFs SOE

Baseline Equilibrium (Avg. 2014/17) 1.94 0.80 1.36 1.33 40.97 6.87 40.75 44.61

Counterfactual: Non-Profit Motives λ

λ : fSOE = 0 2.03 0.00 1.34 1.34 62.75 -2.85 40.27 47.56
λ : E[πSOE] = 0 1.95 0.61 1.36 1.34 60.47 0.00 40.68 45.29

Cap on Fees

Observed Equilibrium (2020) 0.99 0.66 1.36 1.33 27.84 22.14 44.27 45.13
* Mean savings for a worker facing f∗ and µ∗ for 40 years. PF averages are weighted by enrollees sj .

Though magnitudes differ across targets, the main effect of raising non-profit motives is

to increase market segmentation. In both cases, private firms raise their equilibrium fees

in response to the reduction in the SOE’s fee. High-wage workers have greater elastic-

ity to changes in management costs (Cijt(fjt, wit)), so even if they are equally likely as
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lower-wage workers to receive an attention shock, they are still more likely to switch to

the SOE when f ∗
SOE decreases. As a result, the pool of enrollees that remain in private

firms becomes more inelastic, and harvesting incentives increase, as reflected in higher

management fees relative to the baseline equilibrium.

The previous result suggests that using non-profit motives to enhance competition may

have redistributive consequences and exacerbate wage inequality in retirement. Figure 6a

illustrates the aggregate equilibrium effect on savings when non-profit motives are set to

achieve the zero-profits target, relative to the baseline. The fact that the savings of low-

wage workers remain almost unchanged reflects a net effect: lower savings for low-wage

workers who stay in private firms are fully offset by higher savings for those who enroll

in the SOE.

Figure 6: Savings at Retirement by Wage Decile - Counterfactual vs Baseline

(a) Non-Profit Motives (λE[πSOE ]=0) (b) Cap on Management Fees

Note: “Baseline” stands for the 2014-17 stationary equilibrium before the introduction of the cap.
The figure shows the policy effects at the market level, aggregating enrollees of private firms and
the public option.

6.3.1 Cap on Management Fees

Finally, we compare the welfare effects of non-profit motives with those of introducing a

cap on management fees. This policy was implemented in 2020 following a two-year tran-

sition period and has been adopted by other regulators worldwide to increase workers’

net savings. We simulate the policy as designed by the Uruguayan regulator: the max-

imum management fee cannot exceed 1.5 times the lowest fee in the market,44 which in
44As the SOE had the lowest management fee, this design may, in theory, give the SOE an incentive to lower

its fee to the point where private firms incur losses and exit the market. However, since neither the SOE
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our case corresponds to the SOE.

In our model, the equilibrium effects of the cap are ambiguous. On the one hand, the

policy limits the harvesting incentives of private firms and may reduce fees across all

firms, including the public option. On the other hand, it reduces the fee gap of privates

firms with respect to the SOE, and thus reduces the likelihood that workers in private

firms receive an attention shock that triggers re-optimization. Additionally, as the cap

alters enrollment decisions and market shares, the resulting effect on mean returns is also

uncertain.

The results show that the cap increases savings for all workers, with relatively larger gains

for low-wage workers. More importantly, while private firms now charge the maximum

allowed fee, differences in expected savings across firms shrink, primarily because returns

are—marginally—higher in private firms. Before the cap, an average worker enrolled in

a private firm was expected to accumulate 91.3% of the savings she would have earned in

the SOE. After the cap, this figure rises to 98%.

7 Final comments

This paper examines the welfare consequences of introducing a state-owned enterprise in

the market of pension fund administrators to compete with private firms. This market is

usually characterized by workers’ inertia in enrollment decisions and low sensitivity to

fees and returns, features that translate into high management fees. Using rich data on

workers’ enrollment decisions, we estimate a demand and supply model where forward-

looking firms compete to enroll workers and the SOE maximizes an objective function

that considers profits and non-profits’ motives. We then use the model to evaluate coun-

terfactual policies in this market.

First, we simulate a privatization scenario in which the SOE is replaced by a private firm

with standard profit motives and cost structures. We also explore whether a demand-side

policy that reduces inattention among workers can offset the negative effects of privati-

zation, finding that although such a policy increases competition and savings, it requires

unrealistically high workers’ responsiveness to fee differentials to fully compensate for

nor the regulator aims to establish a monopolistic public option, we abstract from this possibility.
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the replacement of the public option. Next, we assess how enhancing the SOE’s non-

profit motives affects outcomes, showing that stronger non-profit behavior reduces fees

and raises savings for its own enrollees but also increases market segmentation and in-

equality. Finally, we compare this intervention with the introduction of a cap on man-

agement fees—a policy implemented in Uruguay in 2020 and used in other pension sys-

tems—which proves more effective at increasing savings across the board and narrowing

gaps between public and private enrollees, especially benefiting low-wage workers.

Our findings suggest that creating a public option with high not-for-profit motives helps

to increase workers’ savings through lower fees and higher returns. However, due to

moderate demand elasticities to fees and lack of entry of new competitors, the presence of

the public option is not enough to meet the increase in savings that the cap in management

fees generates for workers. In the environment we study, the combination of a public

option with a cap on fees seems to perform better than an alternative regulation aiming at

privatize and reduce workers inertia.
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A Appendix

A.1 Gross Wage Distribution for Contributions

Figure A.1: Gross Wage Distribution for Social Security Contributions
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Note. PFA-DC: Pension Fund Administrator - Defined Contribution subsystem, SSA-DB: Social Security
Administration - Defined Benefit subsystem. Expressed in real US Dollars of April 2021. Thresholds are ad-
justed yearly according to a Nominal Average Wage Index. Contributions to each subsystem are calculated
as 15% of the gross wage allocated to each subsystem.
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A.2 Additional Descriptive Information

A.2.1 Market Shares

Figure A.2: MARKET SHARE BY FIRM - ALL ENROLLEES
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Table A.1: MARKET SHARE BY FIRM, GROSS WAGE QUARTILE AND PERIOD - NEW ENROLLEES

PF 1 PF 2 SOE PF 3

Period 2002-2005

Quartile 1 25.32 27.68 16.61 30.40
Quartile 2 19.08 25.55 23.41 31.97
Quartile 3 18.09 23.85 35.22 22.83
Quartile 4 16.41 15.77 49.95 17.87
Forced 10.84 15.66 53.01 20.48

Period 2014-2017

Quartile 1 25.02 30.01 20.63 24.34
Quartile 2 22.72 26.39 21.89 29.00
Quartile 3 19.92 22.80 27.66 29.63
Quartile 4 14.62 21.49 37.74 26.15
Forced 7.63 9.16 59.54 23.66

Period 18-20

Quartile 1 23.85 24.24 26.53 25.38
Quartile 2 18.83 24.11 21.66 35.40
Quartile 3 22.53 19.91 25.26 32.31
Quartile 4 20.42 17.08 35.21 27.29
Forced 7.55 1.89 86.79 3.77

Notes. For each level of gross wages we display the aver-
age share of new enrollees by PFA. The quartiles are com-
posed of workers whose wages are below the compulsory
enrollment threshold.
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A.2.2 Sales Force

Table A.2: SALES FORCE AGENTS - SHARE BY FIRM AND PERIOD

Period Firm
PF 1 PF 2 SOE PF 3

2002-2005 0.21 0.24 0.35 0.21
2014-2017 0.22 0.15 0.36 0.27
2018-2020 0.24 0.15 0.36 0.25

Notes. Average share of total.

A.2.3 Enrollment Time

Figure A.3: LABOR MARKET ENTRY AND PFA ENROLLMENT

Note. Yellow curve: empirical cumulative distribution function of time spell between entry and enrollment
for individuals voluntarily enrollment. Black curve: cumulative distribution function of time spell between
entry to the labor market and enrollment for individuals enrolled by default (mandatory enrollment).
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A.2.4 Switching Rates

Figure A.4: Switching Patterns

(a) Equilibrium 2014-17, Before cap (b) Equilibrium 2020, After cap

A.2.5 Expected Savings

Based on (1) the low switching rates, (2) the almost unanimous switching direction from

private firms to the public option, (3) the lower fees charged by the public option relative

to private firms, and (4) the superior investment performance of some private firms, we

study the expected level of savings under the two most common enrollment strategies:

(1) single-firm enrollment, where the worker remains with the same PFA until retirement,

and (2) switch-once, where the worker initially enrolls in the low-fee public option and

later switches to a higher-return private firm.

The expected savings at retirement under the first strategy are shown in Figure A.5, com-

paring outcomes before the introduction of the cap on management fees (A.5a) and after

(A.5b). In both cases, we compare enrollment in the public option to enrollment in the

private firm with the highest observed returns in our sample.
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Figure A.5: Expected Savings by PFA and Period, Public Option vs Best Private Firm

(a) Equilibrium 2014-17, Before cap (b) Equilibrium 2020, After cap

Importantly, before the introduction of the cap, differences in returns were not sufficient

to offset the fee advantage of the public option, regardless of the worker’s gross wage

level. These results suggest that enrolling in a private firm was a ”mistake” under the

2014–2017 configuration. However, after the cap was introduced, this result changes: the

best-performing private firm is now able to compensate for the higher fee it charges by

delivering superior returns.

Second, given that most workers switch firms at most once, we explore an alternative

switch-once strategy in which the worker begins with the low-fee public option and switches

later to a high-return private firm. The intuition behind this strategy is that early in the

contribution period—when the accumulated savings are still low—differences in fees mat-

ter more than differences in returns for growing the savings stock. As the savings accu-

mulate, the return on investment becomes more influential, making a switch to a higher-

return private firm potentially beneficial.

We find that, before the introduction of the cap on management fees, the optimal time

to switch was approximately 28 years after entering the system. After the cap was intro-

duced, this optimal switching point dropped to 9 years for the average worker. These

results are illustrated in Figure A.6.
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Figure A.6: Optimal Switching Timing: Public Option to Best Private Firm

(a) Equilibrium 2014-17, Before cap (b) Equilibrium 2020, After cap

A.3 Model

A.3.1 Labor Market

We use a stationary model of the labor market where the mass of wages of new workers

is a fixed fraction α of the aggregate wage mass Mt, and the probability of retirement is

deterministic and constant. We make the following assumptions:

1 Retirement probability: Workers remain active in the labor market for forty years

and then retire. Accordingly, we assume a constant retirement probability of 0 for

the first forty periods and 1 thereafter.

2 Workers and firms consider the average gross wage over the life cycle, wit, when

solving their optimization problems45.

3 Each year t, a new cohort of equal size, preferences, and gross wages enters the labor

market.
45See Appendix A.4.1 for details on the estimation procedure and results.
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4 The wage mass Mt is constant each period Mt = M . Therefore, the wage mass of the

new cohort is equal to the wage mass of the cohort who retires.

A.3.2 Revenues

In each period there are new and old workers who earn gross wages wn
it and wo

it, respec-

tively. The total wage mass Mt aggregates over the distribution of each group:

Mt =

∫
in

wn
itdFin +

∫
io

wo
itdFio = Mt,n +Mt,o (10)

As we assume cohorts are of equal size, we write the wage mass of new and old cohorts

of workers as Mt,n = αMt and Mt,o = (1 − α)Mt. Then, we can express firm expected

revenues (before switchers are taken into account) as:

E[Yjt] =

∫
in

prijt(w
n
it, ft,µt) w

n
it dFin +

∫
io

prijt(w
o
it, ft,µt) w

o
it dFio (11)

= αMt

∫
in

prijt(w
n
it, ft,µt)

wn
it

αMt

dFin︸ ︷︷ ︸
snjt(ft,µt)

+(1− α)Mt

∫
io

prijt(w
o
it, ft,µt)

wo
it

(1− α)Mt

dFio︸ ︷︷ ︸
sojt(ft,µt)

(12)

This equation is consistent with the revenue equation 6 and show the re-weighting of

choice probabilities. Under our labor market assumptions, we re-express these probabili-

ties as revenue shares, with higher-wage enrollees being relatively more valuable to firms

than lower-wage ones. Note also that we use the same probability for new and existing

enrollees, consistent with our assumption of equal preferences across cohorts (conditional

on a life-cycle wage level).
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A.3.3 SOE Revenues

In the baseline model, the SOE receives revenues not only from its original enrollees (new

and old) but also from old enrollees switching from private PFAs. For this reason, we

adjust Equation 6 as follows:

E
[
YSOE,t

]
= fSOE,t ×

[(
αMt s

n
SOE,t(ft,µt)︸ ︷︷ ︸

New Workers’ Wages

+(1− α)Mt s
o
SOE,t(ft,µt)

)
︸ ︷︷ ︸

Old Workers’ Wages︸ ︷︷ ︸
Original Enrollees

(13)

+
∑
jPF

(1− α)Mt s
o
jt(ft,µt) awjt(ft,µt)︸ ︷︷ ︸

Incoming Switchers

]

Importantly, notice that we assume that no one is leaving the SOE by removing the aware-

ness probability from the old-workers’ term, and that it captures all enrollees leaving the

group of private firms JPF .

A.3.4 Net Present Value of Expected Revenues of private firm j:

In this section, we start with the individual-level revenue equation, then we present the

net present value equation for revenues, and specify a series of assumptions made to

transition to working at an aggregate level.

Yjt are the revenues for a private firm j in period t:

E
[
Yjt

]
= fj.

(∑
ic=t

wn
it.prij(f,µ).1(t−40≤c≤t)︸ ︷︷ ︸

New workers

(14)

+
∑
ic<t

wo
it.1(dic<t = jt−1).1(t−40≤c≤t).(1− sw(f,µ))︸ ︷︷ ︸

Old workers

)
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fj represents the management fee of firm j. ic are individuals of cohort c. ic=t are indi-

viduals who enter to the market in t, while ic<t are individuals of old cohorts who enters

until t − 1. µj is the yearly expected return. wn
it and wo

it are the yearly computable wage

of the new and old individuals, prij the probability for individual i of choosing firm j,

which for new consumers depends on the vector of fees and returns. The old consumers

have already chosen a firm, so 1(dic<t = j) takes the value 1 if the individual ic<t chooses

firm j and 0 in another case. 1(t−40≤c≤t) is a dummy with the value 1 if the individual is

from a cohort between t− 40 and t and 0 in other cases. This is related to the deterministic

retirement probability assumption. aw is the aware probability.

YSOEt are the revenues for the SOE in period t:

E
[
YSOEt

]
= fj.

(∑
ic=t

wn
it.prij(f,µ).1(t−40≤c≤t)︸ ︷︷ ︸

New workers

+
∑
ic<t

wo
it.1(dic<t = SOEt−1).1(t−40≤c≤t)︸ ︷︷ ︸

Old workers

(15)

+
∑
ic<t

wo
it.1(dic<t ̸= SOEt−1).1(t−40≤c≤t).sw(f,µ)︸ ︷︷ ︸

Switchers from PF

)

Given assumptions (2) and (3) of the appendix A.3.1, the net present value of revenues of

firm j in period t expressed as a summation of cohorts is:
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E(NPV Yjt) = fj.

(∑
ic=t

prij(f,µ).wn
i .

T∑
l=t

βl−t.1(t−40≤c≤t).(1− aw(f,µ))l−t

︸ ︷︷ ︸
New workers in t, from t to T

(16)

+
∑
ic=t+1

prij(f,µ).wn
i .

T∑
l=t+1

βl−t.1(t−40≤c≤t).(1− aw(f,µ))l−t−1

︸ ︷︷ ︸
New workers in t+ 1, from t+ 1 to T

+ ...

+
∑
ic=T

prij(f,µ).wn
i .

T∑
l=T

βl−t.1(t−40≤c≤t).(1− aw(f,µ))l−t−(T−t)

︸ ︷︷ ︸
New workers in T , from T to T

+
∑
ic<t

1(dic<t = jt−1).w
o
i .

T∑
l=t

βl−t.1(t−40≤c≤t).(1− aw(f,µ))l−t+1

︸ ︷︷ ︸
Old workers from t to T

)

Given assumption (1), the probability of retirement in each period is the same for all in-

dividuals within a cohort, therefore the third term of each sum does not depend on i and

we call the terms as in
∑T

l=t β
l−t.1(t−40≤c≤t).(1− aw(f,µ))l−t as γ(f,µ)′s:

E(NPV Yjt) = fj.

(∑
ic=t

pij(f,µ).wn
i .γt(f,µ)︸ ︷︷ ︸

New workers in t, from t to T

+
∑
ic=t+1

pij(f,µ).wn
i .γt+1(f,µ)︸ ︷︷ ︸

New workers in t+ 1, from t+ 1 to T

+

... +
∑
ic=T

pij(f,µ).wn
i .γT (f,µ)︸ ︷︷ ︸

New workers in T , from T to T

+
∑
ic<t

1(dic<t = jt−1).w
o
i .γo(f,µ)︸ ︷︷ ︸

Old workers from t to T

)
(17)
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We denote W n
t (f,µ) = (γt(f,µ) + ...+ γT (f,µ)) and W o

t (f,µ) = γo(f,µ):

E(NPV Yjt) = fj.

(∑
ic=t

pij(f,µ).wn
i .W

n
t (f,µ) (18)

+
∑
ic<t

1(dic<t = jt−1).w
o
i .W

o
t (f,µ)

)

Now call M the total mass of gross wages affected to the individual capitalization sub-

system in period t, and α the share of that mass of wage that comes from new cohort. So∑
ic=t

wn
i = αM and

∑
ic<t

wo
i = (1− α)M .

We multiply and divide every term by the mass of wage of new and old, and call snj =∑
ic=1

pij(f,µ).wn
it∑

ic=t
wn

i
and soj =

∑
ic<t

1(dic<t=jt−1).wo
it∑

ic<t
wo

i
, so we get:

E(NPV Yjt) = fj.

(
snj (f,µ).α.M.W n

t (f,µ) + soj .(1− α).M.W o
t (f,µ)

)
(19)

Being M the total mass of gross wages affected to the individual capitalization sub-system

in period t, and α the share of that mass of wage that comes from new cohort. W n
t (f,µ) and

W o
t (f,µ) are weights of new and old consumers in net present value. The shares snj (f,µ)

and soj of new and old workers are compound terms that depend both on the workers’ en-

rollment decisions in current and previous periods, as well as on weights associated with

the importance of individual gross wages in the aggregated wage mass. This reflects the

fact that richer individuals have a higher positive impact on PFAs’ revenues than poorer

ones through the one-to-one connection between revenues and gross wages.

The formula is similar to the revenue equation in period t, but the weight of the new

cohorts is much greater. On one hand, this is because the new cohorts contribute for a

longer period before retiring. On the other hand, it is because a new cohort enters every

year, while the stock of old cohorts diminishes.
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A.3.5 Net Present Value of Expected Revenues of SOE:

E(NPV YSOEt) = fj.

(∑
ic=t

pij(f,µ).wn
i .

T∑
l=t

βl−t.1(t−40≤c≤t)︸ ︷︷ ︸
New workers in t, from t to T

(20)

+
∑
ic=t

wn
it.1(dic=t ̸= SOEt).

T∑
l=t+1

βl−t.1(t−40≤c≤t).aw(f,µ).(1− aw(f,µ))l−t−1

︸ ︷︷ ︸
Switchers of cohort t from t to T

+
∑
ic=t+1

pij(f,µ).wn
i .

T∑
l=t+1

βl−t.1(t−40≤c≤t)︸ ︷︷ ︸
New workers in t+ 1, from t+ 1 to T

+
∑
ic=t+1

wn
it.1(dic=t+1 ̸= SOEt+1).

T∑
l=t+2

βl−t.1(t−40≤c≤t).aw(f,µ).(1− aw(f,µ))l−t−2

︸ ︷︷ ︸
Switchers of cohort t+ 1 from t+ 1 to T

+ ...

+
∑
ic=T

prij(f,µ).wn
i .

T∑
l=T

βl−t.1(t−40≤c≤t)︸ ︷︷ ︸
New workers in T , from T to T

+
∑
ic<t

wo
i .1(dic<t = SOEt−1).

T∑
l=t

βl−t.1(t−40≤c≤t)︸ ︷︷ ︸
Old workers from t to T

+
∑
ic<t

wo
it.1(dic<t ̸= SOEt−1).

T∑
l=t

βl−t.1(t−40≤c≤t).aw(f,µ).(1− aw(f,µ))l−t

︸ ︷︷ ︸
Switchers old from t to T

)

A.3.6 Expected Capitalization Cost

For period t, the expected capitalization cost of firm j depends on the Pension Savings

Fund (PSFjt)
46, and on the realization of firm-specific and average market returns Rjt

and R̄t. Even though the PSFjt also is a function of Rjt, for simplicity we assume that the

capitalization cost is based on the stock before Rjt realizes.

46This represents the value of the assets under management.
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By law, the minimum rate of return rmin,t that pension fund administrators must secure

their enrollees is the minimum between: 1) 2%, and 2) R̄t−2%47. To calculate the expected

cost we work with the support of rmin:

E[Cap. Cost]jt =
∫

supp(rmin)

(∫ rmin,t

− inf

PSFjt · (rmin,t −Rjt) · f(Rjt, R̄t)dR
)
dF(rmin) (21)

Notice that when R̄ ≥ 4%, the minimum rate is 2%, while when R̄ < 4%, the minimum

rate is R̄ − 2%. Then, the capitalization cost of firm j as a function of the distributions of

R̄ and Rj is:

E[Cap. Cost]jt =

(∫ 4%

− inf

∫ R̄−2%

− inf

PSFjt · (R̄t − 2%−Rjt) · f(Rj, R̄)dRdR̄︸ ︷︷ ︸
E(Cap Cost|R̄≤4%)jt

)
· FR̄(4%)

+

(∫ inf

4%

∫ 2%

− inf

PSFjt · (2%−Rjt) · f(Rj, R̄)dRdR̄︸ ︷︷ ︸
E(Cap Cost|R̄≥4%)jt

)
· (1− FR̄(4%))

=

(∫ 4%

− inf

∫ R̄−2%

− inf

PSFjt · (R̄t − 2%−Rjt) · f(Rj, R̄)dRdR̄

)
· FR̄(4%)

+

(∫ inf

4%

∫ 2%

− inf

PSFjt · (2%−Rjt) · f(Rj, R̄)dRdR̄

)
· (1− FR̄(4%))

To work with this term, we assume that Rj follows a Normal distribution with Rj ∼

N (µj, σ
2
j ) and therefore, the average return also follows a normal distribution R̄ ∼ N (µ̄, σ̄2)

with µ̄ =
∑

j ωjµj and σ̄2 =
∑

j

∑
j ωjωkσjk = ω′Σω. Furthermore, given that both Rj and

R̄ are Normal random variables, the joint distribution f(Rj, R̄) has the following expres-

47R̄t is the average of Rjt across PFAs’, weighted by a vector ω that sum to 1 and depends on the PSFjt of
each firm: R̄t =

∑
j ωjtRjt with ωjt =

PSFjt∑
j PSFjt
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sion:

f(Rj, R̄) =
1

2πσRj
σR̄

√
1− ρ2

(22)

. exp

{
− 1

2 (1− ρ2)

[(
Rjt − µj

σRj

)2

+

(
R̄t − µR̄

σR̄

)2

− 2ρ

(
Rjt − µRj

) (
R̄t − µR̄

)
σRj

σR̄

]}

A.4 Estimation

A.4.1 Life Cycle Gross Wage

Our database contains payroll data between 1996 and 2020 for a random sample of 125,000

workers, drawn from the universe of active workers. We observe each worker’s monthly

wage during this period. To construct an estimate of workers’ wages over their life cycle,

we proceed as follows:

1 We calculate an earnings curve over the working life cycle for the economy by re-

gressing annual wages on age and age squared. Because our sample includes work-

ers at different career stages, it captures individuals nearing retirement in 1996 as

well as new entrants to the labor market.

2 We apply this earnings curve to each worker used to estimate demand —specifically,

those who entered the labor market for the first time between 2002 and 2020— using

their observed salary in the year of entry.

3 We compute the average wage for each worker over their working life cycle.
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A.4.2 1st Stage - Estimation Results

Table A.3: Switching Probability From PF to SOE

(1)

Gap (µjt − µSOE,t) -5.893***
(0.473)

Gap (fjt − fSOE,t) 52.02***
(2.671)

Dummy 2013 reform 0.374***
(0.00515)

PF 1 0.0649***
(0.00620)

PF 2 -0.900***
(0.0334)

PF 3 0.0528***
(0.00581)

Constant -3.046***
(0.00786)

Notes. Probit model. Estimation of equa-
tion 5. Period: 2002-2020.

A.4.3 2nd Stage - Additional Results

Figure A.7: Median Management Cost Elasticity by Bracket and Period

(a) Period 2002-05 (b) Period 2014-17

Note. Within-bracket median elasticity with respect to the management fee by period. Elasticities
are calculated using observed fees, mean returns, and gross wages.
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Table A.4: Conditional logit estimations

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

NPV Management Cost -2.03e-06*** -1.23e-05*** -1.32e-05*** -8.34e-06*** -1.73e-06***
(5.10e-07) (4.50e-07) (4.05e-07) (2.87e-07) (5.04e-07)

NPV Savings 8.65e-07*** 5.24e-07*** 4.69e-08 1.15e-07 3.66e-08
(2.16e-07) (1.26e-07) (9.12e-08) (7.81e-08) (1.00e-07)

PF 1 -0.970*** 1.441*** 3.648*** 3.427*** -2.139***
(0.129) (0.154) (0.182) (0.244) (0.325)

PF 2 -1.050*** 1.468*** 3.784*** 3.650*** -2.001***
(0.133) (0.158) (0.186) (0.246) (0.321)

SOE -1.287*** 0.997*** 3.740*** 4.260*** -0.625*
(0.148) (0.160) (0.182) (0.244) (0.328)

PF 3 -0.998*** 1.693*** 3.863*** 3.616*** -1.492***
(0.128) (0.153) (0.181) (0.243) (0.308)

Bracket of income Quartile 1 Quartile 2 Quartile 3 Quartile 4 Forced
Observations 62,595 69,685 72,140 52,745 7,220

Notes: Conditional logit estimation by bracket of income. Controls: number of sales force agents sfjt, firm fixed effects ηj and market fixed
effects (year x inside option) ζt. Standard errors reported in parentheses. For hypothesis testing we use p-values with significance levels: ***p
< 0.01, **p < 0.05, *p < 0.1.

A.4.4 Enrollment Probability and Income

The results described in Section XX are consistent with the fact that higher-wage workers

enroll with higher probability in the public option. This explains why despite having a

market share of enrollees of approximately 40%, the SOE receives close to 55% of monthly

gross contributions in the subsystem. In Figure we display the predicted enrollment prob-

ability to the public option by gross wage decile, as implied by the model.
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Figure A.8: SOE Enrollment Probability by Wage Decile

Note. Median probability by gross wage decile as predicted by the model for the period 2014-17.

A.5 Estimated and Accounting Profits Structure

This appendix details the various components of the estimated revenue and cost structure

of the firms and compares them with the information reported in the financial statements.

The Table A.5 presents the estimated revenues and a disaggregation of variable costs into

three components: affiliation costs (linked to the sales force), investment-related costs,

and regulation-related costs (which include expected capitalization costs and the expected

opportunity cost associated with the special reserve).

Table A.5: ESTIMATED REVENUES AND COSTS

Sum of PF SOE Total

Revenue 66,18 29,08 95,26

Variable Costs 6,16 2,36 8,52
Sales force 1,45 1,24 2,69
Investment 0,56 0,12 0,68
Regulation 4,15 1,00 5,15

Notes. Average 2014-2017. Expressed in US$ Millions Dollars

2017.
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In the Table A.6 we present information derived from the financial statements. It can be

observed that accounting revenues and estimated revenues are very similar. Regarding

costs, the estimated variable costs account for 16% of the total costs, and 21% of the pre-

tax costs. The remaining component corresponds to the firms’ fixed costs.

Table A.6: FIRMS’S FINANCIAL STATEMENT

Sum of PF SOE Total

Revenue 63,96 36,26 100,22

Costs 29,48 23,89 53,37
Wage 13,11 9,84 22,95
Administration cost 2,22 0,80 3,02
Commercial cost 0,97 1,17 2,14
IT cost 2,08 1,26 3,34
Customer Service 1,07 0,83 1,90
Other costs 1,77 4,93 6,70
Taxes 8,26 5,06 13,32

Notes. Average 2014-2017. Expressed in US$ Millions Dollars 2017.

Based on these two tables, it is possible to assess the weight of the sales force within the

firms’ cost structure. In relation to variable costs, the sales force accounts for 32%, while

in relation to total pre tax costs, it is 7 %.

It is not possible to determine the expenditure on each component of variable costs from

the financial statements. However, using the sample of employment histories, we find that

during the 2014–2017 period, the average monthly salary of a sales agent was US$2,658.

Sales force compensation includes both a fixed and a variable component; what we are

capturing here is the variable component. Based on the estimated aggregate cost of new

affiliations derived from the model and the known size of the sales force, we estimate that

the variable wage component per agent was US$1,429.

In Uruguay, sectoral minimum wages are established through collective bargaining, and

there is a specific bargaining group for PFA employees (Group 11, Subgroup 1.3). While

the agreement does not set a variable wage, it does set a minimum wage for the sales force
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(US$513), which we take as a proxy for the fixed component. This yields an estimated

total average salary of US$1,942. This estimate should be considered a lower bound of

the actual salary, as firms may pay higher fixed wages due to factors such as tenure or

individual performance. Therefore, there is consistency between the information from

administrative records and the estimates derived from the model.

A.6 Sales force average variable payments per enrollee

We define the wage mass of the sale force of firm j in month t as:

Wjt = Lsf
jt (w

fixed
jt + Affjt × wvariable

jt ) (23)

being Lsf
jt the sales force, wfixed

jt the average fixed wage, Affjt the average number of

affiliates through sales force and wvariable
jt the average variable wage.

We observe Lsf
jt , Wjt and Affjt. Regarding wfixed

jt , we construct the following proxy. In

Uruguay, the minimum wage by sector is set through collective bargaining and there is a

specific negotiation group for PFAs’ employees (group 11, Sub-group 1.3). The negotiation

does not set the variable salary. However, the minimum wage set in the negotiation for

the sales force (US$ 513 dollars) is taken as a proxy for the fixed-wage component, so the

results obtained are an upper bound of the variable wage component.
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A.7 Counterfactual

A.7.1 Additional results.

Table A.7: Privatization - Oligopoly with Four Private Firms. Ex SOE efficiency gains.

Fees f∗
j Returns µ∗

j E[πt] E[Savings]*

(% Gross Wage) 1Yr (%) (US$ Mill.) (US$ ’000)

PFs SOE PFs SOE PF (Tot.) SOE PFs SOE

Baseline Equilibrium (Avg. 2014/17) 1.94 0.80 1.36 1.33 60.17 26.72 40.75 44.59

Counterfactual

1) → λ̂ = 0 1.90 4.47 1.35 1.24 56.67 158.11 40.85 30.56
2) → λ̂ = 0 + soldSOE = soldj = 0.25 2.12 2.34 1.35 1.57 104.17 38.92 40.04 41.08
3) → 2) + ηSOE = η̄pf 2.11 1.86 1.35 1.60 104.11 30.44 40.04 43.22

Notes: We impose on the former SOE the marginal costs and κ of the most efficient private firm. [*] Mean savings for a worker
facing equilibrium f∗ and µ∗ for 40 years. PF averages are weighted by enrollment shares sj . Awaking probability is a function
of the difference between a firm’s fee and the market average. When consumers awake, they meet the sales force (as in the first
choice). Marginal costs apply every period.

A.7.2 (Lack of) Entry Incentives

A new pension fund administrator entering the market under conditions similar to those

observed historically would take approximately 12 years to achieve a positive return on

equity (ROE), and around 19 years to reach an ROE of 50%—a level comparable to that of

incumbent firms. This slow trajectory is primarily driven by high fixed operating costs.

Investment management requires a similar organizational scale whether the fund is small

or large, while sales force and marketing expenses are aimed at acquiring new customers

and are largely unaffected by the number of current enrollees.

Unlike the early days of the system —when all firms competed to enroll a large, untapped

pool of existing workers— new entrants today can only target new cohorts of labor market

entrants, making the growth of a sufficiently large customer base slower and more costly

than during the system’s inception.
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Figure A.9: ENTRY

(a) Revenues, Costs and Equity (b) Return-Over-Equity
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