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Abstract: Private retirement plans are a crucial part of worker’s compensation in the
U.S. and have long been thought to influence labor supply. This study uses a cohort-
based regression discontinuity design to examine how a change in the retirement
plan at the largest U.S. employer, the Federal Government, impacted the retention of
employees over the entire life cycle. We find that workers with less valuable employer
pensions but more portable retirement benefits were more likely to separate from the
government around 15 and 30 years after beginning federal service. We find smaller,
statistically insignificant effects in the first few years of employment. We also find
evidence that the effects are driven by highly productive workers, identified through
supplemental compensation or early promotions. Our results suggest that employ-
ees respond to changes in the value of retirement benefits by leaving employers for
better outside options, but that employees may be inattentive or job-locked early in
their careers. These findings demonstrate that non-wage compensation impacts la-
bor supply decisions across a worker’s lifecycle and the distribution of human capital
over time, particularly in labor markets where employers compete through diverse
compensation structures.
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1 Introduction

Over the last half-century, employer-sponsored retirement benefits in the U.S. have shifted from
guaranteed pensions to portable savings plans. Before the 1980s, most retirement plans were
defined benefit (DB) plans, which provided guaranteed monthly payments based on salary and
tenure. With the introduction of IRS Section 401 (k), defined contribution (DC) plans, where em-
ployees and employers contribute to a retirement investment account, grew in popularity. DC
plans offer employers lower long-term liabilities and predictable costs, leading many firms to re-
duce their DB benefits or freeze’ them altogether. By 2023, over 40% of DB participants were
impacted by plan freezes across all sectors. Overall, active DB membership fell from 27 million in
1975 to 12 million in 2020, while DC membership rose from 11 million to 85 million, according to
the Bureau of Labor Statistics.

To what extent does this shift impact labor supply and productivity? Changes in the retirement
programs can have significant implications for firm-specific labor supply and workforce compo-
sition as these benefits often make up a substantial part of a worker’s total compensation and
lifetime income. However, the non-linear, dynamic nature of these retirement structures make it
difficult for researchers and firms to fully predict how and which employees will respond since the
incentives vary significantly over a worker’s tenure. DB plans may incentivize workers to stay at a
single firm longer because the benefit depends on tenure and the highest wage earnings. Simul-
taneously, DB participants may be induced to leave earlier once eligible for benefits due to the
opportunity cost of continued work. On the other hand, the portability of DC plans may encour-
age workers to leave a firm, as they can transfer and grow their retirement savings across different
employers with potentially higher wage offerings. However, since DC plans grow based on current
wages, employees may work longer to increase retirement income at old age.

Furthermore, there has been limited empirical evidence to address this question, despite exten-
sive economic and policy attention. Data on private employer pensions are often scarce and typ-
ically cover only short periods rather than the full life cycle. Causal estimates of retirement plan
changes are also challenging to obtain absent of large quasi-experimental settings.

This paper identifies the role of the shift from DB to DC plans on labor supply, using extensive data
on the largest U.S, employer, the federal government, over the last 35 years. In particular, it studies
how the shift away from employer-provided DB retirement benefits to portable and individually-
funded DC retirement accounts have affected firms’ abilities to retain workers. Other research
has demonstrated differences in the labor supply of workers in DB vs DC settings (Munnell et al.
(2006)); however, this in part may be driven by the selection of workers that the benefits attract
(Goda et al. (2017)) and not the incentives set by different retirement plans.

We estimate the incentive effects, using a quasi-experimental setting in which a policy retroac-

4Frozen plans are defined as plans which have stopped taking new participants or have stopped benefit
accrual for existing participants.



tively changed retirement benefit coverage for newly hired federal workers in the U.S. in 1984. For
a year and a half, workers were unaware of the details of the new system, which was first pro-
posed mid-1985 and finalized in mid-1986. The new retirement system simultaneously reduced
annuity benefits tied to the employer and increased portable retirement benefits without signif-
icant changes in the characteristics of new workers and wage compensation around the policy
change. This institutional setting allows us to employ a regression discontinuity design with local
randomization to estimate the effects of the change in retirement systems on various labor supply
outcomes. Because worker characteristics remain consistent across the policy timeline and we do
not find evidence of selection effects, we essentially compare the last cohort under the old system
with the first cohort under the new system, isolating the impact of retirement system changes. Ad-
ditionally, the policy timing enables us to observe effects across the lifecycle, with up to 35 years
of data.

Our findings reveal that this policy change led to a substantial reduction in employer-provided
pensions and a smaller increase in portable retirement benefits, resulting in lower retirement ben-
efits on average. The change in retirement benefit did not affect the average age at separation but
slightly decreased average tenure with the federal government by 3 quarters. However, the change
did not have an uniform effect across the lifecycle of workers. The new system had small effects
early in the career and more pronounced effects later on in a worker’s career. Workers with fewer
than 15 years of tenure were not significantly impacted, while those with 15 to 30 years showed
an increased likelihood of being separated by about 2 to 3 percentage points. When examining
differences in tenure length percentiles between the two retirement systems, we find that these
workers reduced their federal career length by 1 to 3 years, resulting in a 3 to 16 percent reduc-
tion in tenure length for those in the 60th to the 78th percentile. Further analysis suggests that
the increase in separations are driven by the relative increase in the attractiveness of outside op-
tions: workers who face more competitive private sector wages, like those with higher education
or starting salary, are much more likely to separate with the federal government mid-career or
earlier than their counterparts.

Additionally, we find that productive workers are more likely to leave under the new system. We
identify worker productivity by residualizing for standard factors that would determine pay and
pay level, and taking those with residuals above the median as “productive” or “valuable” workers
to retain. We find that these workers are more likely to be separated from federal work by 3 to 5
percentage points after the changes in retirement benefits, mid- to late-career. This suggests that
the government may have lost some of its most valuable employees to better outside options after
the loss of pension benefits.

We observe minimal differences in the percent of separated workers in their early and late ca-
reers across the two retirement systems. Late-career workers under the old system, exhibit higher
separation rates compared to those in the new system once reaching retirement eligibility. This
is largely driven by two factors: (1) the increasing number of old system workers reaching re-



tirement age, and (2) their heightened sensitivity to retirement eligibility. Using an event study
design, we find that workers under the old system are more willing to intertemporally substitute
work to when annuity values are low. As a result, while new system workers tend to separate ear-
lier in their careers and are less responsive to retirement eligibility, the overall stock of separated
workers converges across both systems over the lifecycle. In essence, old system workers remain
longer in the labor force but react strongly to retirement incentives, balancing out the separation
rates at large tenure lengths.

Furthermore, our analysis highlights that early-career decisions may be influenced by inattention
of retirement benefits at hire. We find no statistically significant effects on new hire characteris-
tics in the short-term and no selection effects after the policy was realized in 1986. We find lim-
ited evidence that workers are responding to early career incentives as well. However, as workers
progress through their careers, we find that they respond to later vesting schedules. Workers in the
new system respond strongly to mid-career retirement benefit incentives: employees are signif-
icantly more likely to separate after realizing early benefits around 10 years, indicating evidence
for learning and a preference for the flexibility offered by the new system’s vesting schedule.

Overall, we find that a less generous employer-provided pension and greater portability of re-
tirement benefits increased separation rates with small effects early in the career and more pro-
nounced effects mid- to late-career. Workers who are affected are those with better outside op-
tions and those who are more productive. These insights suggest that retirement benefits play a
crucial role in shaping firm-specific labor supply decisions.

The contributions of this paper are twofold.

First, it provides quasi-experimental evidence on the impact of changes in an employer pension
plan on labor supply to a firm. Falk and Karamcheva (2018) studied the same policy but focused
on how the changes in the option value of the defined benefit pension affect separation rates, and
found job tenure elasticity with respect to the employer’s cost is low for DB pensions. In contrast,
this paper utilizes a regression discontinuity approach to investigate heterogeneous retention ef-
fects resulting from the portability changes in incentives from DB to a mixed DB and DC plan.
Ippolito (2002) also used the same policy change, but studied Department of Defense workers
that have started 10 years apart and used a probit model to control for worker characteristics. Our
analysis will compare all non-Department of Defense civilian workers under different retirement
systems that started within a couple years of one another, to ensure there are not large differences
in the sample. We will also have 35 years of observation of their federal government careers that
will allow us to comment on the effects of the changes in benefits on the lifecycle of workers. Goda
et al. (2017) studied a quasi-experimental setting where university employees were assigned to a
default DB or DC plan depending on their age at a specific date. They found that exogenous de-
fault assignment into DC plans reduces short-term job mobility relative to DB plans around the
age of 45. They also found positive selection effects exacerbating the difference. In our setting, we
find no selection effects for entering into federal work after the retirement system changes, which



allows us to directly estimate the incentive effects. Furthermore, we extend their findings because
we can examine the retention effects at any age across the lifecycle of the employees.

Second, other papers have studied shifts from DB to DC plans using data on public programs and
policy changes (French et al. (2022); Lauletta and Bérgolo (2022)), and many others have stud-
ied the impact of DB reform, mainly changes to national plans (Costa (1995), Asch et al. (2005),
Friedberg and Webb (2005), Brown (2013), Biasi (2024), Fetter and Lockwood (2018), Staubli and
Zweimiiller (2013), Mastrobuoni (2009), Liebman et al. (2009), Lalive et al. (2023), Seibold (2021)).
However, we add to the broader literature on the shift in retirement plans by examining an impor-
tant margin of response: exit for an outside employment option. Public or national plans often do
not have this margin of response except for informality (Bergolo and Cruces (2014), Lauletta and
Bérgolo (2022), Feinmann et al. (2022)), migration, or labor force exit. We provide evidence from
a private employer plan, where workers face a marketplace of other employment with various or-
ganizational structures of compensation. This setting has long thought to be important for labor
supply (Lumsdaine et al. (1990); Kotlikoff and Wise (1987)) and job mobility.

Lastly, our paper adds to the literature on worker preferences for non-wage job attributes. In
particular, we contribute to the large literature on the valuation of job amenities (some which
include Rosen (1986), Mas and Pallais (2017), Wiswall and Zafar (2018), Hall and Mueller (2018),
Chen et al. (2018), Le Barbanchon et al. (2021), (Cole and Taska (2023)), Maestas et al. (2023)) from
a quasi-random variation in job attributes (Lavetti and Schmutte (2018), Lee and Taylor (2019)).
Lastly, we show how firm-specific job satisfaction may determine voluntary quits (Akerlof et al.
(1988), Clark (2001), Card et al. (2012), Sockin (2021)) and heterogeneous turnover (Ouimet and
Tate (2023)).

This paper is organized as follows. Section 2 explains the institutional details behind the retire-
ment system for federal workers. In Section 3, we provide a conceptual framework, using a simple
two-period discrete choice model, to guide predictions of the change in labor supply. Section
4 describes the data, Section 5 will explain the empirical strategy, and Section 6 provide results.
Section 7 presents some robustness analysis. We then conclude this paper in Section 8.

2 Institutional Details

2.1 History

Prior to 1984, all United States federal workers were covered by the Civil Service Retirement System
(henceforth referred to as the “old system"). This system was established in 1920 and created
a public pension fund which paid out retirement benefits to employees as a pay-as-you-go DB
program: active employees paid some percentage of their wages towards the fund each month,
and in turn, the government paid out a fixed benefit (or annuity) commensurate to one’s wage
and tenure every month after retirement. Any individual covered by the old system was exempt



from Social Security payroll taxes and benefits.”

Separately, the U.S. enacted a series of amendments to Social Security in 1983 due to concerns
over the solvency of the Social Security Trust Fund. These amendments reduced future expen-
ditures and expanded the revenue base. One such provision expanded Social Security coverage
to include all federal workers hired on or after January 1, 1984. This expansion necessitated a re-
structuring of the federal retirement system in order to cut back on the government’s cost as an
employer and to prevent employees from undue burden of paying into two pension systems. Be-
tween 1984 and 1986, the Senate Committee on Governmental Affairs oversaw the development
of the new retirement program that was modeled after non-federal retirement practices (Finch
(1995)). In 1986, the Federal Employees Retirement System (henceforth referred to as the “new
system") was signed into law, replacing the old system with a mixed DB and DC system for em-
ployees that were newly hired on or after 1984. A visual timeline is represented in Figure 1.

Crucially, the law applied retroactively for workers who began their federal career between 1984
and 1986. Publicly available action on the retirement plan was first proposed in October 1985
(S. 1527) by the Committee on Governmental Affairs, which outlined a preliminary plan that was
ultimately rejected. Prior to this, little was known regarding the new retirement system.” Hence,
this research will exploit the 1.5 year window after 1984 where workers were unable to anticipate
the exact components of the new system that were eventually established.

Since the 1984 policy change, numerous employers have adopted similar reforms. Following the
Great Recession, state governments, including Pennsylvania, South Carolina, and Tennessee, be-
gan transitioning to hybrid DB and DC retirement systems to mitigate long-term pension liabil-
ities. Public and private university systems have also moved away from traditional DB pensions,
with institutions like the University of California adopting hybrid plans and many private uni-
versities freezing DB benefits. Moreover, public teacher pensions have scaled back DB benefits
in favor of more portable savings. These parallel reforms across a variety of sectors highlight a
broader institutional movement toward more flexible retirement systems.

2.2 Comparing the Old and New System

In this section, we explore the similarities and differences between the two retirement systems.
The new retirement system included several changes to align more closely with private sector
practices: reduced pension benefits, increased portability through Social Security and a defined
contribution savings plan, and added incentives for extended careers. However, the two systems
had the same employee contribution rate and similar eligibility criteria for retirement.

5Social Security is a social insurance program in the U.S. that is largely funded by payroll taxes and pays out
retirement, disability, and survivor benefits.

5The Office of Management and Budget (OMB) and the Office of Personnel Management (OPM) had con-
sidered two separate plans in 1984 (Rich (1984)). One was a pure DC system for new workers and another
was a DB system that was as generous as the old system with the addition of Social Security benefits.



Similarities

Several aspects of the retirement system remained unchanged. First, the employee’s contribution
of pay for the annuities and social security under the old and new systems was nearly equivalent
at 7%." Second, in order to receive one’s annuity without a penalty (which we refer to as “full

retirement eligibility"), a worker must satisfy a tenure and age requirement. Under both systems,
this would occur at the same three milestones:

1. 62 years old with 5 years of tenure,
2. 60 years old with 20 years of tenure, and
3. Your minimum retirement age (MRA) and 30 years of tenure.

Lastly, workers’ retirement benefits vest after five years under both systems. If you do not reach
full retirement eligibility after five years, then a worker may defer their benefit until the individual
reaches 62 years of age.

Differences

Table 1 reports the differences between the old and new system. We distill the changes into three
categories: (1) pension reduction, (2) increased portability, and (3) additional options to incen-
tivize extended careers.

Annuity reduction. The employees under the new system still receive an annuity, albeit at a much
lower rate. Under the new system, these annuities are calculated as 1% of an employee’s average
highest three years of salary (“high-3") for each year worked, as opposed to 1.5-2% per year under
the old system. This translated into a 33-50% drop in the monthly benefit received from the gov-
ernment. If a worker reached at least 20 years of service and retires at the age of 62 or older, then
an extra 0.1% increase for all years worked is included in their annuity under the new system. To
illustrate the differences in annuities, an employee in the old system who works for 30 years and
retires at age 62 receives a pension benefit equal to about 56.25% of their high-3 average salary.
An identical worker in the new system receives a pension benefit equal to only 32% of their aver-
age high-3 salary. Notably, these benefits are non-portable, meaning that the value of the pension
benefit cannot be transferred to another employer. Pension benefits accrue based on wages and
tenure with a specific employer. The full annuity formula can be found in Appendix A and B, and
a graphical example is shown in Appendix C.

“Under the old system, workers paid 7% of their wages to the employer pension fund. Under the new sys-
tem, workers paid 6.2% to Social Security and 0.8% to the employer pension fund. During the interim
period between 1984 and 1987, the Social Security employee contributions were 5.7% and workers paid
1.3% to the pension fund. Later, the federal government will increase the contributions to the new system
(Social Security plus the employer pension fund) to 9.3% and 10.6% for workers who were hired in 2013
and 2014 and beyond, respectively.



The new system also discouraged early retirement withdrawal: the penalties for an receiving early
retirement benefits increased from 2% per year for each year under 55 years old to 5% per year
for each year under 62 years old. In context, an employee under the old system who retires at
age 50 with less than 30 years of service receives a 10% reduction in her annuity if the annuity is
taken immediately, whereas the same employee under the new system receives a 60% reduction
in her annuity. Additionally, the new system increased the minimum retirement age (MRA) from
55 to 55-57, depending on the birth year. Thus, workers under the new system who began their
federal career earlier in their life, and would therefore be eligible for retirement at MRA, would
have to wait 0-2 more years to receive their annuity without penalty compared to their old system
counterparts. In our sample, the MRA increases by about 2 quarters on average.

Portability. In lock step with private sector retirement programs, the new system increased the
portability of benefits with the addition of Social Security and a defined contribution saving plan,
known as the Thrift Savings Plan (TSP).? A retirement benefit is portable if the value of the benefits
from a current employer can be transferred to a new employer after leaving the current employer.
Both Social Security and TSP benefits are portable: Social Security calculates the benefits based
on the past 35 years of work experience, regardless of the type of employer, and after an employee
leaves federal work, TSP contributions can (1) continue to grow in the TSP account, (2) be trans-
ferred to a different employer retirement plan, or (3) withdrawn (but with significant penalties if
under the minimum withdrawl age). All new system workers were enrolled for Social Security,
while old system workers were not. Workers under the old and new system could opt in to the
TSP savings and investment plan;’ however, workers under the old system were not eligible for
employer matching.'’ Under the new system, the agency where an employee worked would au-
tomatically contribute 1% of his or her wage to TSP, regardless of whether or not the employee had
enrolled in the plan. The agency would match any employee contributions dollar-for-dollar up to
3%, and then 50 cents to the dollar for additional contributions up to 5%. Thus, a new system
worker could receive up to 5% contribution by the employer if the worker contributed 5% or more
to their TSP,

Career extension incentives. Under the new system, workers received two additional options
later into their tenure. If a worker has at least 20 years of service when filing for retirement at 62 or
later, then an additional 0.1% of the high-3 wages per year is added to their pension. Thus, rather

8Under the new system, the agency would automatically contribute 1% of a worker’s salary to the Thrift
Savings Plan and then match at a one-to-one rate for the first 3% of contributions and then match 50
cents to a dollar for further contributions up to 5%. Hence, the agency would contribute up to 5% of an
employee’s salary to the Thrift Savings Plan. Those under the old system could still contribute to this DC
plan, but the agency would not match or contribute at any rate.

9Under the Thrift Savings Plan Enhancement Act of 2009, newly hired employees were automatically en-
rolled into TSP with a contribution of 3%. In 2020, the Federal Retirement Thrift Investment Board in-
creased this automatic enrollment to 5% for new hires.

1901d system workers had two open seasons in 1987 and 1998 in which they were eligible to switch to the

new system. Reportedly, less than 5% switched in 1987 and less than 1% switched in 1998.



than receiving 1% of the high-3, this worker would receive 1.1% of their high-3. Furthermore, if
a worker has 10 years of tenure and is not eligible for full retirement, then the worker may sepa-
rate and defer their benefits to their MRA, instead of to 62. Claiming deferred benefits before full
retirement eligibility is subject to the early retirement penalties.

3 Conceptual Framework

This section presents a parsimonious discrete choice model with three periods to examine how
changes in the retirement system may affect labor supply choices of federal government employ-
ees. Traditional pension models often solve for the total labor supply of workers; however, we
present a framework to conceptualize how labor supply choices to one employer may differ when
faced with a marketplace of employers that offer a variety of compensation packages. The model
analyzes an individual’s choice between continuing employment in the federal sector and seeking
alternative employment at a different employer, based on a comparison of wages and retirement
benefits. Given the computational complexity in models featuring multiple periods and multiple
discrete choices, we opt for a simplified framework here for tractability. A more complex analysis
is provided in the appendix, that produces similar predictions as our simple model.

Set-up. Consider a worker who worked for the federal government for wage wy in the first period.
In period two, they face a decision to (1) continue working for the federal government for wage
w/ and grow pension benefits A7, or (2) seek outside options for wage w”.'' In period three, all
workers retire and claim their benefits. Workers receive a benefit from the federal government
that is some replacement rate 7 of their federal wages wy. For working in period one, a worker
receives 71wy in retirement, and a worker who also works in period two will receive an additional
ATw  in benefits.

Budget Constraint. We model a federal worker’s lifetime budget that is composed of wages and
retirement benefits. In parallel with our institutional setting, we take the worker’s perspective in
period two. We have the following budget constraint:

(T1+AT)w . .
c3 wr+ay+ % if continue to work for federal government
C2+t = T w
I+r wp+a + 11 m rf if seek an outside option

The budget constraint is similar under the new and old system but with one difference in benefit
composition: new system workers will receive a different benefit factor Ar.

'In Appendix F, we include a third option to retire early in our three period model. The predictions remain
the same; thus, this version is relegated to the appendix for simplicity.

12We abstract from the changes in savings behavior as that is about the savings technology, which is not
explicitly represented here.



The Worker’s Problem. Consider a worker who has preferences in the following form:

T
Z ﬁt—l [u(ct) — a1{if working} +€ij]

=1

where f is the discount factor, ¢; denotes consumption in period ¢, u() is a CRRA utility function,
and «a is some disutility of working. The error term ¢;; accounts for the fact that workers may
have different preferences for working for the different employers j and is mean zero. Then given
our budget constraint and objective function, we can write the decision rule'® of working at the
federal government over working in the private sector as

ul>ur= wr—wp+PATwr+ep—€,>0
Rearranging, we get
ul > UP = BATws > w,— wy+ep—¢y.

An employee will remain in the federal workforce if the discounted value of the additional retire-
ment benefit ATwy is greater than the wage premium of moving to other employment w), — wy
and the difference in idiosyncratic preferences €, — €. Given that the benefit A7 decreases for
the majority of workers, which we show in the following sections, this framework implies that the
likelihood of employees remaining in federal employment will generally decline. However, the
extent of this decline will depend on the wage differential w), — wr and individual preferences, the
latter which we hold fix for this analysis.

The availability and attractiveness of outside employment options play a central role in shaping
responses to the reduction in federal retirement benefits At. Workers with less favorable outside
options—where the wage differential w, — wy < 0—are more likely to remain in federal employ-
ment, as their external opportunities do not offer a significant wage premium. For these workers,
any positive value of At overcomes the wage disadvantage they face in other employment since
the benefit to working for the federal government is greater than the loss in wages for moving to
outside options, ignoring idiosyncratic preferences €. As a result, we expect these employees to be
inframarginal, with minimal changes in their labor supply decisions in response to the retirement
benefit change.

By contrast, workers with more favorable outside options—where w), — wy > 0—are expected to
be more sensitive to changes in retirement benefits. For this group, the wage premium offered
by outside options employment presents a strong incentive to exit the federal workforce, partic-
ularly when coupled with a reduction in A7. As the additional retirement benefit declines, the
value of remaining in federal employment diminishes, making outside opportunities increasingly

13The full solution can be found in Appendix E.
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attractive.

According to a CBO report on comparing the compensation of federal and private-sector employ-
ees in 2022, federal workers with no more than a high school education earned about 17 percent
more, on average, than their private-sector counterparts. Federal workers with a bachelor’s de-
gree or above earned about 10 to 29 percent less, on average, than similar workers in the private
sector. Hence, we expect lower educated and lower wage workers to be inframarginal and more
highly educated and higher wage workers to respond strongly to the reduction in benefits.

Notably, Social Security is a progressive program that redistributes income from high lifetime to
low lifetime income individuals, and can offer up to 90% replacement rate of wages for those
that made an average monthly amount of $1,200 for a retiree in 2024. Thus, the change in the new
system can be financially beneficial to very low income workers. We do not observe many workers
for which this would be the case in our sample.

Based on our theoretical framework, we anticipate that the reduction in federal retirement ben-
efits will lead to heterogeneous labor supply responses, driven by the wage differential between
federal and outside employment and the magnitude of At (i.e. employees with a bachelor’s degree
or higher and those with larger salaries).

We favor the above framework for simplicity and interpretation; however, because the annuity,
DC, and Social Security components follow different schedules, we include two additional anal-
ysis in Appendix D and G. In Appendix D, we redo the simple three-period model but explicitly
include parameters for portable benefits. In Appendix G, we simulate a multiple period model to
incorporate more realistic features of the retirement system. We simulate a discrete choice model
across multiple periods, where the choice is to (1) stay at the federal government, (2) leave for an
outside option, or (3) retire. The multi-period simulation also accounts for the fact that portable
benefits will grow faster in high wage environments and that employees will incur some cost for
switching. Across these two frameworks, we find similar results where workers reduce their labor
supply to the federal government and increase supply to outside options, especially those who
face higher wages in other employment.

In the Results section, we explore how changes in the annuity and portable benefits affect average
total benefits and average tenure. Then, we examine different education levels and pay levels
separately to validate the underlying mechanisms.

4 Data

This project relies on payroll data made public by the Office of Personnel Management (OPM)
under the Freedom of Information Act (FOIA). The primary dataset was compiled by Buzzfeed
News and contains quarterly records of all federal government workers from 1973 to 2016. Us-
ing our own FOIA request to OPM, we extended the data until 2022. The data provides compre-
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hensive information on salary, education level, tenure, age groups, agency, worker type, separa-
tions, and accessions at the employee level. Notably, employee linkages are not provided beyond
2014, and thus employees are matched on names, education levels, and subagencies as done in
Spenkuch et al. (2023) and using a transformer language model trained on record linkages of com-
pany aliases (Arora and Dell (2024)). Although the data originates from a single employer, the
federal government employs a diverse set of workers, across different education groups, indus-
tries, salary ranges, and ages. We do exclude workers who have ever worked in sensitive positions,
like the Department of Defense, as their names and other personally-identifiable information are
redacted from the data set and cannot be linked beyond 2014.

We create additional sample cuts to ensure accuracy of assignment into retirement regimes.

First, we keep workers for whom we can infer their job start year. We obtain the precise quarter in
which employees began employment with the federal government (“start quarter") by examining
the first observation in the data and when the binned tenure values change.'* If the data does not
include an employee’s first two years of employment, then this employee is dropped.'® We also
use this bin-change method to infer the age of each worker. However, because OPM had released
age bins with a noise-infusion algorithm, the inferred birth quarters are noisier, and we avoid
using this variable extensively in our analysis.'°

Next, we dropped individuals that may have unique retirement structures which deviate from the
general old system or new system incentives. These individuals were those who were (1) employed
as police, air traffic control, firefighters, or nuclear transporters and/or (2) seasonal or part-time
workers. Thus, we only keep full-time, non-seasonal workers."”

Our full sample consists of 1,581,402 unique full-time workers across a sample period of 50 years.
The main sample, which consists of individuals who began work between six quarters before and
after the policy change, contains 99,251 unique individuals. The rationale for the construction of
the main sample can be found in Section 2.1.

14We allow for workers to leave the government and return at a later date.

15This may occur for several reasons. First, these individuals may have worked in a sensitive position in
the first few years and that information was not provided in the dataset. Second, OPM may have some
data agreements with specific agencies to not disclose data. For example, the United States Postal Ser-
vice workers are excluded from this dataset. To our knowledge, this is the only organization that is not
included. Lastly, there may be some reporting errors in the dataset, and we assume this may occur ran-
domly and rarely in the dataset.

16To combat the noisiness, we used two methods to infer birth quarters: (1) we calculated the midpoint of
each age bin that appeared in the dataset and averaged them within person, and (2) we use bin changes
to calculate the birth quarters and average that within person. For the main analysis, we use the first
method; however, the results are consistent across both methods.

7part time and seasonal or intermittent work may count towards the retirement eligibility. However, part
time work results in a prorated annuity calculation and intermittent work may be calculated in more
complex ways that are not shown in the data. If a worker has continuous full-time employment and
transitions into non-full time employment, we can examine this in the dataset and will often keep workers
that choose to do so.
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4.1 Summary Statistics

Table 2 reports the summary statistics of our main sample. We take demographic characteristics
at hire. Roughly half of the sample are under the old system while the other half are under the
new system. Workers across the old and new system have similar demographic characteristics.
More than half start employment with the federal government before the age of 30, with an av-
erage start age of about 31 years. The median nominal starting salary in this sample is $13,903
with an average of $17,467. Around 40% of individuals have a Bachelor’s degree or higher and ap-
proximately 22% eventually transition into a manager or supervisory role. The majority of federal
workers are white-collar (88%) and approximately 8% are blue-collar workers. Under the new sys-
tem, there are 2 percentage points fewer individuals that have separated from federal work, which
is consistent with the average yearly separation rates (i.e. 2%).

We observe separation trends for federal employees from the data in Figure 2. This figure reports
separation counts for the last cohort of workers covered under the old system (those who began
employment in 1982 and 1983) and the first cohort of workers covered under the new system
(those who began employment in 1984 and 1985).

Figure 2 illustrates that employees are responding to retirement incentives. At age and tenure eli-
gibility (denoted by vertical gray lines), there is significant mass of separations. In the old system,
there are jJumps in separations at 55 years old, or the MRA in Figure 2 Panel (a). In the new system,
the MRA extends to between 55 to 57, depending on birth year, and we see an appropriate shift
in the jump in separations for new system employees—and virtually no response at 55 years old.
Additionally, we see spikes in separations at two other statutory retirement ages, 60 and 62, where
the latter has a slightly greater mass from new system employees. Figure 2 Panel (b) also illustrates
similar trends for worker tenure length. Again, we see small spikes at statutory retirement goals
of 20 and 30 years of service. Moreover, we also find a larger spike in separations at 20 years of
service for new system employees, which suggests that workers may be responding to the extra
0.1% incentive. These figures provide a strong indication that the design of the federal retirement
policy may have large impacts on employee decisions of when to retire or separate.

Notably, however, most workers separate from federal service at young ages and short tenure
lengths. Around 72% of workers leave before reaching full retirement eligibility. Thus, a vast ma-
jority of the workers who are affected by this retirement change are those who would normally
separate before they qualify for benefits and will therefore likely seek other employment. Hence,
we examine labor supply responses to the federal government across the entire lifecycle of work-
ers.

From the outset, workers who leave the federal government prior to full retirement eligibility do
not seem to leave at differential rates across the new and old system. Figure 2 Panel (a) shows
that the average separation rate for every year prior to age 55 under the new system seem to track
closely to that under the old system. Figure 2 Panel (b) suggests that there may be some differences
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between the old and new system with early tenure lengths (less than 10 years of tenure). However,
these summary figures do not capture underlying trends, like decreases in turnover, or seasonal
differences.

To precisely test these labor supply responses to changes in pension design, our analysis will uti-
lize the institutional setting from Section 2 to guide the regression discontinuity empirical strategy
in the following section.

5 Empirical Strategy

5.1 Regression Discontinuity Design

To empirically investigate the impact of the change in retirement benefits on the labor supply of
federal government workers, we examine the differences in retirement benefits, hiring character-
istics, and labor supply to the firm between the employees who began federal work just before
the policy change and employees who began right after the policy change. Because the new sys-
tem applied retroactively, we exploit the window (within a year and a half, or 6 quarters) around
the policy change in which new hires were unaware of the terms of the new retirement system.
This timing, as described in Section 2, provides an ideal setting to employ a regression disconti-
nuity design with local randomization. We employ a local randomization technique for inference
because (1) the start dates for federal work around the policy change resemble a treatment mech-
anism in a randomized control trial, and (2) our running variable is discrete and traditional RD
techniques impose continuity assumptions (Cattaneo et al. (2016)). Our specification is as fol-
lows:

Yi; = o+ f1NSi;+61(start; — 1984Q1) + 5, NS;,(start; — 1984Q1) +¢;; 1)

where start; is the start quarter for person i and Yj; is the outcome for person i at quarter ¢.
The coefficient §; is the local average treatment effect of switching from the old DB system to
the new mixed DB and DC system (i.e. when there is a reduction in retirement benefits tied to
the employer and increase of portability). Essentially, the effect is measured by approximating a
line before and after the policy change and taking the difference of the average at the time of the
change. Our main analysis includes this parametric assumption to absorb approximately linear
trends in aging and compensation.

In the Section 6, we illustrate the effects of the retirement benefit change on the pension, or non-
portable benefits, and portable retirement benefits. We check any concerns about selection or
changes in hiring characteristics around the policy change. Additionally, we examine if an an-
nouncement of the benefit change in 1986 caused changes in recruitment on observables. Lastly,
we examine how worker tenure responds to the retirement policy change. Balance checks for
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additional sample splits, described later in the results, can be found in Appendix R.

6 Results

6.1 Selection and Hiring Characteristics

Before analyzing the effects of the change in retirement benefits on worker behavior, we first show
that there were limited changes in hiring characteristics of federal government new hires around
the policy threshold. This will allow us to reasonably infer if the sample before and after the policy
change is comparable, such that we have a valid RD for labor supply outcomes.

Table 5 Column (1) suggests there is limited evidence that the change in retirement systems im-
pacted the selection of new hires around the policy change. We examine the following observ-
able characteristics in our data: time needed until full retirement, log of the starting salary, start
age, educational variables, and occupational categories. Across these many factors, there is no
meaningful difference between those under the old system and new system in our main sample.
Moreover, there is limited evidence that subagencies hired at differential rates before and after the
policy change. The percent of workers with a bachelor’s degree is marginally significant at the 10
percent level after the retirement policy change. However, when controlling for seasonal changes,
this difference becomes insignificant, as shown in Column (2). In fact, seasonally adjusted esti-
mates relay a similar story as our main analysis: there are no significant changes in observables
for new hires before and after the policy change. Lastly, the difference in magnitudes of these
characteristics are small and not economically meaningful. These results are consistent with the
timeline of the policy announcement and its retroactive application to workers who had already
began employment at the federal government.

Notably, the government did not change starting wage levels despite large changes in the retire-
ment benefit, which we show in the next section.

6.2 Changes in benefits

We illustrate large effects of the policy change on the change in retirement benefits. Figure 3
reports the average present discounted value (PDV) of retirement benefits (in 2022 dollars) of
workers in our sample who have separated from the government. Workers under the new system
receive approximately $7,000 less in annual annuity, or a 50% reduction, per year. This amounts
to a $130,000 reduction in the PDV of the annuity, shown in Panel (a). In addition, new system
workers gained portable benefits: Figure 3 Panel (b) reports an approximately $79,000 difference
in the PDV of portable benefits from social security and the automatic 1% DC contributions from
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the agency with a generous 10% growth rate.'® Taken all together in Figure 3 (c), this resulted in a
$47,000 drop, or a 22% reduction, in the PDV of total benefits.

If we assume that workers are saving the maximum amount and thus receiving the full 5% match
from the employer, the increase in PDV value of this behavior on retirement benefits is still on
average lower than the loss in annuity benefits, as shown in Appendix H. Assuming a 5% employer
contribution rate, a new system worker on average gains $95,000 in portable benefits. This is
ignoring the implications of savings behavior on overall the lifetime budget. Conservatively, we
assert that the new system made the average worker worse off in terms of the total retirement
benefits available for the same cost.

Notably, this graph accounts for real separation behaviors which may be different between the old
and new system. To address this issue, we also run an RD using interpolated wages to project the
annual annuity and portable benefits if all employees worked for 35 years. The results, shown in
Appendix |, report a discontinuity amounting to an approximate effect of a $200,000 decrease, or
a 13% reduction, in a worker’s yearly annuity when covered under the new system.

Overall, the policy change had a substantial, negative effect on retirement benefits of federal work-
ers. On average, new system workers received fewer pension benefits and a smaller increase in
portable retirement benefits, resulting in a less generous retirement package under the new sys-
tem for the same cost to the employee. Since the overall benefit levels decrease after the introduc-
tion of the new system, the framework in Section 3 predicts that workers on average should be less
likely to stay at the federal government, especially those who face larger positive wage differentials
for outside options. We validate this prediction in the next section.

6.3 Labor Supply

Despite a significant change in the retirement benefit package and limited evidence in selection
effects, Figure 4 shows that the change in retirement systems did not have a statistically significant
effect on the average age at separation. Panel (a) demonstrates that the average age at separation
remained relatively stable across the policy change.

However, the reduction in pension benefits and increase in portability has a marginally significant
impact on the tenure of workers. Figure 4 Panel (b) shows that the average tenure at separation
dropped by three quarters on average following the introduction of the new system. These find-
ings suggest that employees slightly adjust their separation timing or job tenure in response to the

18The assumptions are as follows. For Social Security, we assume that the wages earned will contribute to-
wards the first dollar of social security. For the DC contributions, we only account for the mandatory 1%
yearly contribution by the employer and do not include employee savings information, as that informa-
tion is unavailable to us. A generous 10% yearly return is included for DC contributions. We also assume
a 3% discount rate across all PDV calculations. Note that in the main analysis we only include mandatory
contributions by the employer because we do not have information on the employees’ voluntary contri-
butions.
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changes in benefits on average.

However, examining lifecycle responses across different tenure lengths reveals a more complex
and rich response. Figure 5 plots 35 different RD coefficients of cumulative separation rates across
different tenure lengths. For each point, we are reporting the results of the RD regression where
the outcome is the probability of working x years (i.e. separate by 1 year, 2 years, etc.). In other
words, it reports the additional probability of a new system worker being separated at a given
tenure length relative to an old system worker. For example, the figure states that the change in
retirement benefits resulted in a 2.5 percentage point increase in the stock of workers separated
by 16 years of service. This figure reveals several key implications of the effects of the change in
retirement benefits on retention.

First, early and medium career workers, or workers who have less than 10 years of tenure at the
federal government, are not significantly affected by the change in retirement benefits. Although
these workers separated at higher rates on average, the retirement systems did not have a statisti-
cally significant effect on the tenure of these workers. Notably, workers who leave with less than 10
years of service constitutes more than half of the sample, explaining the muted tenure responses
across all workers in Figure 4 Panel (b).

Second, late career workers, or workers who have 15 years of tenure or more at the federal gov-
ernment, are about 2 to 3 percentage points more likely to be separated at any given year. This
indicates that the reduction in retirement benefits had a more pronounced effect on those with
longer tenure, influencing their decision to retire or separate earlier than they might have under
the old system.

Third, the change in benefit did not affect the workers beyond large retirement milestones. In
part, this is due to a large number of workers under the old system retiring at their full retirement
eligibility quarter around 30 years of service, essentially “catching up" to the total separation rates
of the new system workers. We discuss early and late career workers in more detail in later sec-

tions.

Overall, this analysis highlights that the policy change had heterogeneous effects across the life-
cycle, with more pronounced impacts on workers with longer tenures. Using a similar analysis
looking at the cumulative separation rates at each age, we find no heterogeneous effects, how-
ever. We report this finding in Appendix J.

Quantifying the reduction in tenure

How much do workers adjust their tenure? We examine the intensive margin effects of the change
in benefits by analyzing the average length of tenure across different tenure length percentiles
in Figure 6. This illustrates the differences in average tenure between workers under the new
retirement system compared to the old system, across various tenure length percentiles. Consis-
tent with the previous results, we find negative effects for workers in the higher, above-median
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percentile ranges of tenure, but no significant effects on the lower percentile ranges or percentile
ranges that extend beyond full retirement eligibility. Approximately the 60th to the 78th percentile
of workers have a statistically significant reduction of career length by 1 to 3 years, resulting from
3 to 16 percent reduction in tenure length at the given percentile ranges. For example, the 65th
percentile worker under the old system has 19 years of tenure. Under the new system, the 65th
percentile worker has about 3 fewer years of tenure. Thus, the change in benefits from the new
system has reduced the 65th percentile tenure length by 16 percent. These responses are signifi-
cantly larger than what the change average tenure length across the two systems would suggest.

Outside Options

Our model suggested that workers with better outside options should leave the government as
a result of the benefit reduction. This is particularly true for those who face higher wages in the
private sector. According to a CBO report on comparing the compensation of federal and private-
sector employees in 2022, federal workers with no more than a high school education earned
about 17 percent more, on average, than their private-sector counterparts. Those with a bachelor’s
degree or above earned about 10 to 29 percent less, on average, than similar workers in the private
sector. To validate this prediction, we compare workers who start with a below a Bachelor’s degree
to workers who have at least a Bachelor’s degree in Figure 7 Panel (a). We find that workers with
less than a Bachelor’s degree, who face lower wages in the private sector on average, do not adjust
their labor supply across all tenure lengths. In contrast, those with a Bachelor’s degree or more are
more likely to be separated after 7 years under the new benefit system. Not only do these effects
begin much earlier than the average of the sample, we find that the magnitude of these effects are
about twice as large for this sub-population: workers with a Bachelor’s degree or more are 3 to 5
percentage points more likely to be separated under the new system after 7 years of tenure.

To further explore whether the average tenure result is influenced by outside options, we analyze
another split based on median pay in the quarter in which employees start employment. This
approach accounts for the possibility that some low-wage workers may receive more generous
federal benefits after the policy change, given the progressive nature of Social Security, and that
private sector work may be relatively more attractive to high-wage workers following the drop in
pension benefits. By examining workers with starting pay above and below the median, we aim
to discern whether higher initial pay, which determines the change in the relative attractiveness
of outside opportunities, correlates with increased likelihood of being separated from federal ser-
vice. In Figure 7 Panel (b) reports the RD coefficients for the two subgroups. In line with our model
predictions, we find that workers who start with above median pay are 2 to 3 percentage points
more likely to be separated after 14 years of tenure, similar to our average result. On the other
hand, workers who start with below median pay do not seem to change their separation behavior
due to the change in benefits.

Our findings indicate that the increase in attractiveness of outside employment drove lower re-
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tention. Workers with better outside options, particularly those with higher education levels and
starting pay, are more likely to leave the government due to the reduction in federal retirement
benefits and increased portability, compounded with the potentially higher wage opportunities
elsewhere.

Summary

To investigate the impact of the change in retirement benefits on the recruitment and retention of
federal government workers, we employ a regression discontinuity design, examining employees
who began work just before and after the policy change. These findings underscore the signifi-
cance of retirement incentives in shaping labor supply decisions among federal employees. First,
the policy change resulted in a large reduction in employer-provided pensions and an increase in
portable retirement benefits, with no significant impact on hiring characteristics. Next, the new
system did not statistically affect the average age at separation. However, we find shorter tenure
at separation, with a detailed analysis reveals heterogeneous effects. Workers with fewer than 15
years of tenure showed no significant differences across the old and new system, while those with
15 or more years were about 2 to 3 percentage points more likely to separate annually, with an
average reduction of 1 to 3 years. These effects were more pronounced among workers who faced
higher lifetime consumption by working elsewhere, further indicating that outside options play
an important role in changes in tenure as our framework suggested.

6.4 Who responds

According to the CRS Report in 2019, the change in the retirement system reduced the employer’s
cost by nearly half, from 30% of employee wages to 17% of employee wages. Despite the significant
reduction in costs, an important concern is whether the government lost productive workers who
left for better outside options. We identify these workers using information in their pay. In the US,
federal employee pay scales are structured into grades and steps, with each grade reflecting a level
of responsibility and each step indicating a level of seniority or performance within that grade.
Pay increases as employees move up in grade or step, and the scales are periodically adjusted for
inflation and cost of living. Using this information, we employ two methods to parse out more
“productive" workers:

1. Workers who receive supplementary pay (non-overtime, regular, fixed payments) within
their pay scales. Workers receiving supplementary pay are given additional wages within
their pay steps for retention and recruitment purposes, indicating that these positions and
workers are valuable for the government to retain.

2. Workers who advance through pay steps and promotions a year prior to the event. Gov-
ernment pay steps and promotions are often the primary mechanisms through which work-
ers advance their careers. By examining how quickly workers advance through the pay
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scales, we can identify those who may have been particularly valuable to the government
and assess the potential trade-offs of the retirement policy change.

Specifically, we identify these employees using the following regression. For supplementary pay:

K T
pay; ,=fo+ Z Ok,t2k,i,c + Z YeDit+E€iyr

k=1 t=1
where pay; ; is the salary of person i at time ¢, zi ; ; are the value of k = 1,2, ..., K job characteristics
for person i at time ¢ (i.e. pay grade, pay plan, supervisory status, tenure, age, location, education,
subagency, occupation, quarter); and D; ; is a dummy variable for time ¢. Essentially, this is a
hedonic regression with characteristics that determine pay and step.

For promotion advancement:

T
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where grade; ; is the pay grade of person i at time ¢, z ;-1 are the value of k = 1,2,...,,K job
characteristics for person i at time ¢ —1 (i.e. pay grade, pay plan, supervisory status, tenure, age,
location, education, subagency, occupation, quarter); and D; ;—; is a dummy variable for time
t— 1. We are regressing pay levels on lagged job characteristics.

Then we take the running average residual value for each person i at time #:

1 R
Riv==) [yip—Yipl
=

where y; ; is current pay or current pay grade. The size of the residuals provide some informa-
tion on whether a salary or pay grade are smaller or larger than typically associated with their
experience and job characteristics.

For analysis on those who receive supplemental pay, we take the average of the residuals across all
period T's for each worker. We assume those with above-median residuals, or those with a large
portion of pay that is non-attributable to typical factors, are workers that are more productive and
may have low attachment to federal work; and those with below-median residuals are workers that
are less productive and with high attachment to federal work.

For analysis on those who advance through federal career faster, we take the running average of
the residuals lagged by one year. We assume those with above-median residuals are those who
advance quicker and are more productive, and workers with below-median residuals are workers
who advance slower and are less productive. We take the lagged indicator to lessen endogeneity
concerns over career advancement and separation behaviors.
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We then plot RD coefficients of cumulative separation rates at 35 different tenure lengths for these
two splits, analogous to Figure 5. The results are shown in Figure 8.

We find workers with higher supplementary pay are more likely to be separated from federal work
by 3 to 5 percentage points after the changes in retirement benefits, particularly after 8 years of
tenure, in Figure 8 Panel (a). The magnitude of the effect is twice as large as the average effect
across all new system workers as reported in Section 6, and starts much earlier in the tenure.
Workers with lower supplementary pay, on the other hand, do not seem to be affected by the
changes in the retirement benefit across all years. In fact, these workers seem less likely to sepa-
rate after the benefit change—although this is not statistically significant.

These results further validate the prediction that workers with better outside options respond
to the benefit change. This analysis compares individuals from similar occupations, education
groups, etc. ensuring that they are comparable across key characteristics. The only distinction
is that some receive supplementary pay, which results in slight pay differences within the same
pay band. Workers who receive supplementary pay are typically in more "valuable" positions
but also likely exhibit lower attachment to the federal sector due to competitive outside offers.
Their need for retention pay indicates stronger outside options, and these are the exact type of
workers that respond strongly to the changes in the retirement system. In Appendix K, we split
these groups by high vs low education and find that the group most affected by the policy are
highly educated workers that receive supplementary pay. We find no effects for workers with less
than a Bachelor’s degree but with high supplementary pay, further emphasizing the important of
outside wage offers.

Workers who are promoted faster reveal a similar story in Figure 8 Panel (b). Note that because
we use the lag indicator at each tenure length, the sample is not balanced, and so each point
represents a different sample split. While “less productive" workers were unaffected by the re-
tirement policy change, “more productive" workers are more likely to separate at longer tenure
periods. Workers who quickly advance through the pay scale are about 3 to 4 percentage points
more likely to be separated from the federal government after 10 years of service.

Together this suggests that the reduction in retirement benefits, resulting from the loss in pen-
sion benefits and smaller increase of portability, disproportionately affected productive or valu-
able workers. Notably, the effect of the policy change on productive workers is more pronounced
than the main results, indicating that the average change from retirement benefits are driven by
productive workers. Further studies may be interested in researching the impact on the loss of
valuable personnel on performance of the agency.

6.5 Who doesn’t respond: early and late career workers

Throughout our exploration of the changes in retirement benefits on tenure across the lifecycle
of workers, the responses towards the retirement benefit change have predominantly occurred in
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the mid-career range for federal workers, e.g. between 10 to 30 years of service. In this section,
we focus on late- and early-career federal workers to understand the factors underlying the ab-
sence of statistically significant differences in the stock of separated workers. By zooming in these
distinct career stages, we create a full image of the DB to DC retirement benefit change across
the employment lifecycle and to identify potential mechanisms driving the observed patterns of
labor supply adjustment.

Discussion on late career workers

We find a catch-up effect for the stock of workers who have separated near or at retirement ages.
This is largely driven by two factors: (1) the increasing number of old system workers reaching
retirement age, and (2) their heightened sensitivity to retirement eligibility. Regarding the former,
this is due to fewer workers reaching full retirement eligibility under the new system, around 30
years of service. These workers are eligible to receive their annuity benefits without any penalty.
Figure 9 reports that workers under the new system are 3 percentage points less likely to reach
their eligibility age at separation.

Regarding the latter, we find that workers under the new system are less elastic to retirement bene-
fits. Using the variation in the annuity growth before and after retirement eligibility, we can utilize
an event study to examine how labor supply responds to changes in financial incentives around
full retirement eligibility:

Yi; = a + B1Post; + foPost; x NS; +yD; +¢€;; 2)

where Post; is a dummy variable for if person i is at or beyond full retirement eligibility; NS; is
a dummy variable for whether the worker is under the new system; D; is a person fixed effect;
Y;; is whether or not person i separates at ¢; and 3, is the difference in the effect of retirement
eligibility between individuals in the old and new system. Because we see individuals reacting to
the retirement eligibility a quarter prior to the event, we include the quarter prior to eligibility in
our Post; variable. Furthermore, we condition to workers within 5 years of retirement eligibility.
For the separate event studies for the old and new system, see Appendix M.

The figure highlights two facts about old versus new retirement system workers: old and new sys-
tem workers are separating at similar rates prior to retirement eligibility, but old system workers
are more willing to intertemporally substitute work to when (retirement) benefits are low. Prior to
eligibility, workers are separating at a 1 percentage point rate per quarter. After eligibility, workers
separate at higher rates. However, that rate is larger and remains at a higher rate for old system
workers. The event study estimate suggests that workers are 0.3 percentage points less likely to
leave after eligibility under the new system. This is about 33% of baseline separation rates.

In conclusion, we find a significant catch-up effect driven by the increasing number of old system
workers reaching retirement eligibility and their greater intertemporal sensitivity to retirement
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incentives. This suggests that old system workers may drive more of their behavior to the changes
retirement benefits, while new system workers respond less to these financial incentives near re-
tirement.

Discussion on early career workers

Our analysis revealed that short-term workers do not respond to changes in retirement benefits.
We find that, at hire, workers are inattentive to retirement benefits or lack financial literacy early in
their careers. Numerous studies support this theory, suggesting that early-career employees may
not prioritize or fully understand the long-term implications of retirement plans (for a review of
the literature, see Lusardi and Mitchell (2023)).

We bolster this argument by showing that even the announcement of the changes in retirement
benefits did not affect hiring characteristics. Table 4 compares the workers at hire before and after
the announcement of the new retirement policy in the second quarter of 1986. The coefficients
reported are from the RD specification from equation 1 but with the announcement date as the
threshold instead of the effective policy date. In other words, we compare the characteristics of
new hires 6 quarters before the announcement of the new system to those hired 6 quarters after
the announcement. Again, we find limited evidence for selection effects, indicating that the policy
change may not have influenced workers’ decisions at the onset of their employment.

Furthermore, we find no responses to vesting schedules for the DC contributions. Figure 11 illus-
trates the RD for separating at and after 3 years of service, after employee contributions to the DC
component of the retirement system vests. Workers under the new system are no more likely to
separate at or after realizing employee retirement contributions than old system workers who do
not receive the DC match.

However, we find responses to retirement incentives later in a worker’s career, suggesting employ-
ees are learning about their retirement benefits over time. After several years, workers under the
old and new system appear to highly value the pension and deliberately stay until the minimum
eligibility for some benefits before leaving for better outside options, a phenomenon known as
“job lock" or “golden shackles." Prior literature has shown individuals to be highly responsive to
structural changes in pension designs (Lumsdaine et al. (1990), Kotlikoff and Wise (1987)). How-
ever, the studies on the responses to benefit vesting schedules is mixed, with the literature on eq-
uity compensation showing strong retention effects but the research on on 401 (k) vesting sched-
ules revealing null effects (Carranza and Goodman (2024)).

We find evidence that employees might be strategically timing their mid-career departures to re-
alize some benefit before exiting the federal workforce.

Although the standard vesting schedule for the pension does not change between the two systems,
we can examine an additional vesting schedule that applied to new system workers. The old and
new system had a vesting schedule in which a worker who has at least five years of tenure may
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defer their benefits until 62. Under the new system, federal workers have an additional vesting
schedule at 10 years of service. When a worker has at least ten years of tenure, they are eligible to
defer that benefit until their MRA (55-57 years) or later, with appropriate penalties applied. Figure
12 Panel (a) show that employees are strongly responsive to this incentive: on average, new system
employers are more likely to separate between 10 to 15 years of tenure by 0.7 percentage points,
or a 11% increase. This applies for workers who would only be eligible for deferred retirement (i.e.
workers who separate before their MRA) and workers who may be eligible for early retirement (i.e.
workers who can separate immediately at MRA), according to Panel (b) and (c) respectively. We
interpret this as individuals valuing the option to claim future annuity benefits earlier and to claim
reduced annuities immediately. The former may be young workers who value the option value of
future wages, as they seek outside options for employment. The latter may be a story about how
early availability of liquid retirement accounts may induce more workers to retire early, especially
as the returns to working shrink under the new system.

In Appendix N, we show the analogous results, focusing on separations at 10 years of tenure. We
find similar effects that are driven by older workers that are eligible to retire early upon separation.
We find no effects on the probability of separating at 10 years of service for younger workers that
can only defer the benefit. This likely reflects the time required for younger workers to secure
alternative employment, delaying their ability to respond immediately to the change in benefits.
Instead, their separations are spread over the subsequent years. Additionally, we show that there
is no evidence of differential separation patterns at 9 years of tenure in Appendix N.

However, this analysis is only suggestive of the possible mechanisms that drive the behavior of
short-term workers under the old and new system. Further research is needed to understand the

learning mechanism.

Summary

We investigate the possible channels surrounding the lack of late and early career responses. More
late career workers approach retirement eligibility under the old system than under the new sys-
tem. This, combined with the fact that these workers are more sensitive to the annuity eligibility,
explains why we don’t see much of a divergence in separation rates for older workers. For early
career workers, we posit that some workers may be inattentive at hire while others may wait to
accrue retirement benefits. We illustrate some evidence of early responsiveness: the new system’s
early retirement incentives led to a 11% increase in separations for workers with 10-15 years of
tenure.
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7 Robustness Checks

In this section, we present several robustness checks to validate our findings. First, we assess the
sensitivity of our RD design by varying the bandwidth, testing both larger and smaller windows.
We also account for potential seasonal effects by adjusting for quarter fixed effects. Finally, we
conduct a placebo test to address concerns of potential mechanical effects. These alternative
specifications yield results that are consistent with our main analysis, suggesting the bin sizes,
seasonality, and mechanical effects do not bias our estimates.

Bin sizes. We conducted a sensitivity analysis by varying the bandwidth used in our RD design.
While the window in the primary analysis is determined by the institutional setting, we tested both
larger (10 quarters) and smaller (4 quarters) bandwidths to ensure the robustness of our findings.
Across these different specifications, we observe results consistent with our main analysis, sug-
gesting that our estimates are robust to variations in the window size.

Seasonal effects. Hiring may have seasonal effects, stemming from job-specific characteristics or
applicant profiles. For example, the influx of new graduates typically entering the workforce in the
third quarter post-graduation may skew the educational composition of hires during this period;
new hires in that quarter tend to be more educated relative to those in other quarters. Since our
RD is centered around the start of 1984, this asymmetry may skew our results. To account for this
seasonality, we conduct a robustness check by residualizing quarter fixed effects from labor sup-
ply outcomes in Appendix (). We find consistent results between the primary analysis and fixed
effects-adjusted estimates , suggesting that seasonal variation does not significantly influence the
results.

Placebo test. Although the primary analysis accommodates linear trends across start quarters,
there may be potential concerns that our estimates are sensitive to some mechanical lagged effect
because we are comparing workers who started their federal career at different times. While our
relatively narrow study period likely precludes such effects, this robustness check serves to further
validate our findings. We conduct a placebo test that re-centers our RD design around the second
quarter of 1985, such that we are comparing two cohorts under the new system. The figure is
shown in Appendix P. The results of this placebo analysis suggests that mechanical effects are not
driving our main results.

8 Conclusion

In this project, we employed a regression discontinuity design to characterize labor supply in re-
sponse to the change the U.S. federal retirement systems. This project provides one of the first
and largest pieces of empirical evidence for labor supply responses to the shift from DB to DC
private employer benefits. We leverage our institutional setting and compare similar workers who
started under different retirement systems.
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The RD results revealed that on average, there was a substantial decrease in the pension and a
smaller increase in portable retirement benefits, resulting in an overall loss of total benefits for
workers. This translated to a reduction in tenure of a few quarters overall. However, the effects
were mostly concentrated among mid- to late-career workers. The new retirement system led
workers with 15 or more years of tenure to separate at a 2-3 percentage point higher rate than old
system workers. Workers in this range reduced their labor supply by 1 to 3 years. Moreover, the
responsive workers were more educated, had a higher base pay, were more likely to be receiving
retention pay, and were promoted faster than the median worker, suggesting that a large driver
of the separation responses were workers who were more productive and sought better outside
options. The new system’s less generous pension benefits may have driven valuable employees to
seek opportunities elsewhere.

In contrast, employees with fewer than 15 years of tenure were not significantly affected, and
by 30 years of tenure, workers seemed to separate at similar levels. We find evidence that the
convergence of the stock of separated workers under the two systems are driven by workers in
the old DB system who are much more sensitive to the retirement benefit eligibility age. On the
other hand, the lack of change in short-term workers may be driven by a mix of inattention and
job locking for vesting schedules. A more thorough analysis may be warranted to investigate early
separation behavior.

These findings emphasize that workers are responsive to changes in retirement benefits. While
the shift to a mixed DB and DC system achieved cost savings, it also influenced employee reten-
tion patterns, particularly among long-tenured and highly productive workers.

Similar reforms have occurred throughout the country, with employers increasingly moving away
from traditional DB pensions. Many state governments, including Pennsylvania, South Carolina,
and Tennessee, converted to hybrid DB-DC systems in response to fiscal challenges after the Great
Recession. University systems have also restructured their retirement offerings, with mostly pub-
lic institutions like the University of California system adopting a mixed system (as opposed to
eliminating the DB portion altogether); public teacher pensions have seen similar rollbacks. To-
day, the topic remains relevant as major unions, including those representing autoworkers and
Boeing employees, are negotiating over the return of the traditional DB program. This study con-
tributes to a deeper understanding of these dynamics, informing future policy and economic un-
derstanding of labor supply responses to the evolving retirement landscape.
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Figures and Tables

Figure 1: Historical Timeline

Old System New System
1983 1984 1986 1987
Social Security ~ Newly hired federal New system DC component
Amendments workers pay into is announced of the plan starts
passed Social Security

Note: This figure reports the timeline and key events surrounding the policy change regarding the retire-
ment system for federal workers.

Table 1: Differences between the Old and New System

0Old System New System
PENSION RE- Annuity benefits DB plan (1.5-2%) DB plan (1-1.1%)
DUCTION
Annuity penalty 2% per year for each 5% per year for each year under 62
year under 55
MRA 55 years 55-57 years, depending on birth
year
INCREASED Social Security No Yes
PORTABILITY
DC benefits No match Match up to 5%, agency automati-
cally puts away 1%
ADDITIONAL  Deferments Tenure of 5 years Tenure of 5 years (to claim at 62) or
OPTIONS 10 years (to claim at MRA)
Annuity Bonus N/A Additional 0.1% after 20 years of

service and at least 62 years old

Note: This table lists the differences between the old and new retirement system. The first column catego-
rizes the changes. The second column lists the type of change. And the third column describes the policies
under the old system, and the fourth column describes the policies under the new system.
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Table 2: Sample Demographics

Old System  New System Total
Col % Col % Col %

Start Age
Less than 20 11.6 11.3 11.5
21-30 48.8 48.7 48.8
31-40 24.8 25.6 25.2
41-50 10.7 10.5 10.6
50+ 4.1 3.9 4.0
Total 100.0 100.0 100.0
Education
Less than Bachelor’s 58.4 59.0 58.7
Bachelor’s Degree 23.2 22.7 23.0
Higher Educ. Degree or More 18.4 18.3 18.3
Total 100.0 100.0 100.0
Supervisory Status
Not Manager 78.9 79.1 79.0
Ever Manager 21.1 20.9 21.0
Total 100.0 100.0 100.0
Occ. Category
White 89.5 89.0 89.3
Blue-Collar 6.0 5.6 5.8
Other 4.5 5.3 4.9
Total 100.0 100.0 100.0
Separations
Still Working 4.2 6.6 5.4
Separated 95.8 93.4 94.6
N 49,750 49,501 99,251

Note: This table reports the demographic characteristics of the sample data which contains full-time federal
workers from the third quarter of 1982 to the second quarter of 1985. The values are the percentages of the
variable represented in a particular category, which is in bold.
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Figure 2: Percent Separated by Age and Tenure
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Note: This figure reports the percent of people who have separated under the old system (1982-1983) and
the new system (1984-1985). Panel (a) reports the percent of people who have separated at a given age (in
quarters), and Panel (b) reports the percent of people who have separated at a given tenure (in quarters).
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Table 3: Changes in Hiring Characteristics

1) 2)
Main Main Sample
Sample  w/Quarter FE

Quarters Needed for Full Retirement  0.09 1.08
(1.79) (1.69)
In(Starting Salary) 0.00 0.04
(0.00) (0.04)
Starting Age (in Quarters) 2.09 0.26
(2.76) (1.60)
No. Hires in Subagency -1.79 -2.98
(15.89) (5.72)
Education
High School or More -0.00 -0.00
(0.00) (0.00)
Bachelor’s Degree or More -0.04* 0.03
(0.02) (0.09)
Higher Educ. Degree or More 0.01 0.01
(0.03) (0.06)
Years of Educ. -0.14 0.21
(0.09) (0.45)
Occupation Category
White-Collar -0.01 -0.00
(0.02) (0.00)
Blue-Collar 0.00 0.01
(0.00) (0.02)
Other 0.01 -0.01

(0.02) (0.07)

Note: This figure reports the RD coefficients that relate to the change in hiring characteristics under the
new retirement system. The running variable is the quarter in which an employee begins federal govern-
ment work, and the regression contains the six quarters before and after the policy change. Column (1)
reports the coefficients using the main sample. Column (2) reports the RD coefficients with quarter fixed
effects. Column (3) reports the coefficients where the threshold is the announcement date of the new policy.
Standard errors are reported in parenthesis. *p < 0.1, * * p <0.05, * * *p < 0.01.
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Figure 3: Change in PDV Retirement Benefits
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Note: This figure reports the RD coefficients on the changes in PDV of portable benefits, which is composed
of Social Security and employer’s DC contributions, after the new system is introduced. We assume the
employer will contribute 1% of the worker’s wages in the DC savings plan and that this account will have
a generous yearly growth rate of 10%. We also assume that the wages will contribute to the first dollar of
social security. The running variable is the quarter in which an employee begins federal government work.
Thus, each point in the plots represents the sample of people who have started federal work at a given
quarter. Panel (a) plots the average PDV annuity for those who have separated from the federal government
in our data. Panel (b) plots the average PDV of the portable benefits (employer’s mandatory contribution
to TSP and social security). Panel (c) plots the average total benefits, summing Panel (a) and (b). The RD
coefficients are reported as the § and p-values are given in parenthesis.
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Figure 4: Average Age and Tenure at Separation
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Note: This figure reports the RD outcomes for age and tenure at separation. Each point represents the
sample of people that began federal government work in the quarter shown in the x-axis and have separated
in our sample period. Panel (a) plots the average age at separation for each quarter around the 1984 policy
change. Panel (b) plots the average tenure at separation. The RD coefficients are reported as the § and
p-values are given in parenthesis.
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Figure 5: Difference in Cumulative Separations by Tenure Length in the Old vs. New Sys-
tem
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Note: This figure plots the RD coefficients on the cumulative separation rates for the tenure lengths in
the x axis. Each point represents the difference in the cumulative separation rates between old system
workers and new system workers. The 95% confidence interval is shaded in gray. Light blue points represent
coefficients which are statistically significant from zero at the 95% level.
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Figure 6: Differences in Tenure Centiles
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Note: This figure reports the differences in years of tenure centiles. Lighter colored points represent co-
efficients which are statistically significant from zero at the 95% level. The gray shaded area are the 95%
confidence intervals.
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Figure 7: Difference in Cumulative Separations by Tenure Length
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Note: This figure plots the RD coefficients on the cumulative separation rates for the tenure lengths in the
x axis. Each point represents the difference in the cumulative separation rates between old system workers
and new system workers. Panel (a) plots the RD coefficients by starting education: those with a Bachelor’s
degree or above vs. those with less than a Bachelor’s. Panel (b) plots the RD coefficients by starting pay:
those with above-median starting pay vs. those with below-median. The 95% confidence interval is shaded
in gray. Light blue and red points represent coefficients which are statistically significant from zero at the
95% level.
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Figure 8: Difference in Cumulative Separations by Tenure Length
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Note: This figure plots the RD coefficients on the cumulative separation rates for the tenure lengths in the
x axis. Each point represents the difference in the cumulative separation rates between old system workers
and new system workers. Panel (a) plots the RD coefficients by supplementary pay: those that receive
extra wages within their pay bands vs. those that do not or receive less. Panel (b) plots the RD coefficients
by lagged promotion speed: those with above-median promotion speed in the year prior vs. those with
below-median promotion speed. The 95% confidence interval is shaded in gray. Light blue and red points
represent coefficients which are statistically significant from zero at the 95% level.
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Figure 9: Probability of reaching full retirement eligibility
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Note: This figure reports the RD coefficient on the probability of reaching full retirement eligibility. The
running variable is the quarter in which an employee begins federal government work. Thus, each point
in the plots represents the sample of people who have started federal work at a given quarter. The RD
coefficients are reported as the § and p-values are given in parenthesis.
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Figure 10: Event study - differences in separations around full retirement eligibility
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Note: This figure presents the event study provided in equation 3 for our RD sample. The coefficient is
reported as § with standard errors in parenthesis. We include the quarter prior to eligibility in the Post; co-
efficient as workers seem to be responding to retirement benefits prior to the event. The sample is restricted
to workers who work within 5 years of their full retirement eligibility. The red vertical line signifies the time
in which workers become eligible. The navy dots are differences in worker separation rates between the old
and new system. Vertical bars represent the 95% confidence interval, which is clustered at the individual
level.
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Table 4: Changes in Hiring Characteristics Around New System Announcement

Announcement
1986Q2
Quarters Needed for Full Retirement -0.14
(1.72)
In(Starting Salary) 0.03
(0.02)
Starting Age (in Quarters) 0.13
(2.22)
No. Hires in Subagency 4.52
(15.22)
Education
High School or More -0.00
(0.00)
Bachelor’s Degree or More 0.02
(0.02)
Higher Educ. Degree or More 0.02
(0.02)
Years of Educ. 0.04
(0.09)
Occupation Category
White-Collar -0.00
(0.00)
Blue-Collar 0.00
(0.00)
Other -0.01
(0.02)

Note: This figure reports the RD coefficients that relate to the change in hiring characteristics after the
announcement of the new system. The running variable is the quarter in which an employee begins federal
government work, and the regression contains the six quarters before and after the announcement (second
quarter in 1986). Standard errors are reported in parenthesis. *p <0.1, * * p <0.05, * * *p < 0.01.
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Figure 11: Separating after DC Vesting
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Note: This figure reports the RD outcomes for separating after the DC vesting schedule. Panel (a) plots
the percent separated at 3 years of service across the total sample, for each quarter around the 1984 pol-
icy change. Panel (b) plots the percent separated after 3 years of service across the total sample, for each
quarter around the 1984 policy change. The RD coefficients are reported as the  and p-values are given in

parenthesis.
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Figure 12: Separating at 10-15 Years
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Note: This figure reports the RD outcomes for separating at 10 to 15 years of tenure. Panel (a) plots the per-
cent separated with 10 to 15 years of service across the total sample, for each quarter around the 1984 policy
change. Panel (b) plots the percent separated between 10 to 15 years of service for those who begin work
under 40 years old and are thus only eligible to defer their benefits. Panel (c) plots the percent separated
between 10 to 15 years of service for those who begin work at 45 years old or above and are thus eligible to
claim their benefits early or defer their benefits until later. The RD coefficients are reported as the § and
p-values are given in parenthesis.
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Appendix A Old System Annuity Formula

The computation for the annuities involve age, tenure and salary. The full retirement benefit is
calculated by averaging the high-3 salaries and multiplying it by 1.5% for each year of service in
the first five years of one’s tenure, 1.75% for each year of service in the next five years of one’s
tenure, and 2% for each year of service after the first ten years of one’s tenure. Specifically, the
formula for the annuities (without any penalty) is as follows:

bSSRS = 1.5% x hjy x5 +1.75% x hj x max(0,min(5,8;; —5)) +2% x hj; x max(0,6;; —10)

~ ~ ~
first 5 years of service next 5 years of service years of service over 10 years

where b;; is the yearly annuity benefits person i receives for retiring at age t; h;; is the high-3
average salary of person i at age t; and §;; is the number of years person i has worked by age ¢
(“years of service").

Federal workers under the old system are eligible for the immediate disbursement of the full re-
tirement annuity as long as they have worked under the old system within the two years before
retirement and have either (1) reached the MRA of 55 years and at least 30 years of service, or (2)
reached 60 years of age and at least 20 years of service, or (3) reached 62 years of age and at least
5 years of service. Those who opt to retire under the MRA will receive a penalty amounting to
one-sixth of 1 percent for each full month under the age 55. For example, if an employee decides
to retire 12 months prior to her 55th birthday, then her annual annuity will be reduced by 2%.

Appendix B New System Annuity Formula

The full retirement benefit under the new system is calculated by averaging the high-3 salaries and
multiplying it by 1% or 1.1% for each year of service. Those who retire at or above the age 62 with
at least 20 years of service are eligible for the additional 0.1% benefit. Specifically, the formula for
the annuities (without any penalty) is as follows:

biFRS = 1% x hjp x 8¢+ 1{r = 62187 =20} x0.1% x hj; x 8y

basic benefit eligibility for extra benefits extra 0.1% bump

Federal workers under the new system are eligible for the immediate disbursement of the full
retirement annuity as long as they have worked under the new system within the two years before
retirement and have either (1) reached the MRA and at least 30 years of service, or (2) reached 60
years of age and at least 20 years of service, or (3) reached 62 years of age and at least 5 years of
service. If an employee retires at the MRA with at least 10, but less than 30 years of service, their
benefit will be reduced by 5% a year for each year under 62, unless she is eligible for retirement
under a different age-service year cut off. In contrast to the old system, the MRA under FERS will
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depend on one’s birth year. The full schedule of MRAs can be found here.

Appendix C Illustrative Example of Pension Growth
Figure 13: Example of Annuity Growth
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Note: This is an example of an employer pension growth of a federal worker under both retirement systems.
We assume this worker begins work at the age of 25 years and has an MRA of 55 years under both systems.
We also assume static annual wages at $100,000. For ages under the MRA, we assume the annuity would be
claimed at 62.

Figure 13 provides an illustrative example of the pension growth of a worker who begins full-time
federal work at the age of 25 and receives their annuity at separation or 62 years old if under the
MRA. For simplicity, we assume a worker whose wages amount to $100,000 annually and whose
MRA occurs at 55 years old under both systems. Under the old system, the benefits vest at 5
years of tenure and grow at a steeper rate, facing a larger benefit factor after 5 and 10 years of
service. Our example worker reaches MRA at 55 years old and obtains full retirement eligibility
because they have reached 30 years of tenure simultaneously. Then the pension flattens after 42
years of service because the old system caps annuities at 80% of the high-3 wages. Under the
new system, this individual also vests after 5 years but faces a slower growth in pension, by a
magnitude of around half of the benefit factor under the old system. This pension steadily grows
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until the worker completes at least 20 years of tenure at 62 years old, in which case they are eligible
for an extra 0.1% boost in their annuity formula. This will cause an additional jump for the value
of pension benefits for this worker.

In comparison to the old system, the new system pension is significantly less generous across a
given tenure length. For example, our worker at 55 years old faces approximately a $56,000 annual
annuity under the old system and a $30,000 annual annuity under the new system. This amounts
to a little over half of the annuity for the same age, tenure, and wage combination. Furthermore,
the worker faces jumps in their annuity growth if they achieve full retirement eligibility before 62
and at the additional 0.1% boost in annuity.

This figure does not account for penalties for early withdrawal. If we account for those who may
claim benefits early, the pension growth may contain kinks or jumps at key milestones, especially
those under the new system. Workers under the old system tend to face a smoother growth in
benefits because penalties are processed gradually fazed out at the MRA. In our analysis, we con-
sider the trade-offs of early retirement penalities and assume workers choose benefits based on
the largest present discounted value of the benefits.

In summary, the restructuring of the retirement system did not affect key age or tenure mile-
stones in the retirement benefit accrual; however, it introduced significant changes in the level
and the type of benefit. The new system reduced the pension benefit, enhanced the portability
of retirement savings with the inclusion of Social Security and the Thrift Savings Plan (TSP), and
introduced new incentives for extending careers.

Appendix D Conceptual Framework with Portability

Set-up. Consider a worker who worked for the federal government for wage wy in the first period.
In period two, they face a decision to (1) continue working for the federal government for wage
w! and grow pension benefits A7, or (2) seek outside options for wage w”.'” In period three, all
workers retire and claim their benefits. Workers receive an annuity from the federal government
that is some replacement rate 7 of their federal wages wy. For working in period one, a worker
receives 71 wy in retirement, and a worker who also works in period two will receive an additional
Atwy in benefits. Under the old system, a worker earns 6 of their outside wages as a portable

20

retirement benefit, like Social Security.”” Under the new system, a worker earns 6 of their wages

as a portable benefit, regardless of where they work.

Budget Constraint. We model a federal worker’s lifetime budget that is composed of wages and

retirement benefits. In parallel with our institutional setting, we take the worker’s perspective in

9In Appendix F, we include a third option to retire early in our three period model. The predictions remain
the same; thus, this version is relegated to the appendix for simplicity.

20WWe abstract from the changes in savings behavior as that is about the savings technology, which is not
explicitly represented here.
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period two. Under the old system,

(T1+AT)w . .
old c?‘,’ld wr+ay+ % if continue to work for federal government
ety =— =
2 TIWwr+d,w . . .
I+r wp+ay + % if seek an outside option
Under the new system,
(T1+AT+0 +AS )w . .
new cy” wy+ay + ! T i - "] if continue to work for federal government
e =—— =
2 TMWr+0 rwr+0 W . . .
I+r wp+ap + W if seek an outside option

The budget constraint is similar under the new and old system but with two notable differences in
benefit composition: new system workers will earn portable benefits 6 ¢ for working at the federal
government and will receive a lower annuity At.

The Worker’s Problem. Consider a worker who has preferences in the following form:

T
Z ’Bt—l [u(ct) - a]l{ifWOl‘king} +8i]

t=1

where f is the discount factor, ¢; denotes consumption in period ¢, u() is a CRRA utility function,
and a is some disutility of working. The error term €; accounts for the fact that workers may have
different preferences for working for the federal government versus other employers. Then given
our budget constraint and objective function, we can write the decision rule’’ of working at the
federal government over working in the private sector as

Ul s uP wr—wp+PATtws—6pwy) >0 under the old system
> EN
wr—wp+PATwy -b6pwy+ Aéfwf) >0 under the new system

The likelihood that an employee remains in federal employment is primarily determined by the
net changes in total benefits. The change in total benefits will depend on the changes in the
benefit factors of the annuity and portable benefit, and also the wage differential of federal vs.
other wages (i.e. wy and wp).

Changes in the benefit factor. The changes in annuity benefit At will discourage federal work
while the addition of portable benefits Ad r will increase the value of staying, all else equal.

¢ Annuity Reduction. The annuity reduction of the new system will decrease the additional
benefits received from working at the federal government Ar. Holding fixed the changes
in portability, the annuity reduction will reduce the likelihood of working at the federal

21The full solution can be found in Appendix .
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government over working at an outside option.

¢ Portability. Portability changes the budget constraint by changing how § interacts with the
different choices. In the old system, § was only relevant for non-federal work; however, 6
becomes relevant for all work history under the new system. In this view, portable benefits
add to the value of federal work, and thus increases the probability of continue working for
the federal government relative to working at an outside option.

If the reduction in the annuity is offset by increases in portable benefits, employees may not ad-
just their labor supply to the firm. On the other hand, a negative net change may incentivize
employees to seek alternative employment. Importantly, this mechanism is influenced not only
by the changes in the two types of benefits, At and §, but also by the wage differential between
the government and outside employment.

The Role of Outside Options. Wage differentials shape potential responses to changes in retire-
ment benefits. For lower-wage federal employees, typically those with a high school education
or less, lower outside options may reduce their inclination to seek other employment on the out-
set. Furthermore, the progressiveness of Social Security mitigates the reduction in the annuity for
this group. Consequently, lower-wage federal workers may be somewhat inframarginal in their
decision-making process, with benefit changes potentially having a small effect on their labor
supply decisions.

Federal employees with higher education levels, and thus higher wages, are presented with a dif-
ferent scenario. These workers tend to have larger compensation potential for their outside op-
tion. Thus, reducing the annuity and adding in a more progressive portable benefit may decrease
the attractiveness of staying at the federal government. Furthermore, workers with a bachelor’s
degree or above tend to face steeper wage profiles’” than those with less than a bachelor’s degree.
Hence, the change in benefits negatively affects this group, as reduction in the annuity will put
fewer dependency on the highest wages and more weight on wage levels across all years.

Based on these observations, we anticipate heterogeneous responses to the retirement policy
changes across education groups and salary levels. Specifically, we expect that employees with
a bachelor’s degree or higher and those with larger salaries are more likely to reduce their tenure
in federal government as a result of large reductions in the benefit. Competitive outside options
available to these workers and steep wage profiles may drive them to leave earlier under the new
system.

Since the annuity, DC, and Social Security components follow different schedules, we also simu-
late a multiple period model to incorporate more realistic features of the retirement system. We
simulate a discrete choice model across multiple periods, where the choice is to (1) stay at the
federal government, (2) leave for an outside option, or (3) retire. The multi-period simulation also

22See Appendix L.

50



accounts for the fact that portable benefits will grow faster in high wage environments. The re-
sults are shown in Appendix G. We find similar results where workers reduce their labor supply to
the federal government and increase supply to outside options, especially those who face higher
wages in other employment.

Appendix E Solving for the Decision Rules

We have a generalized CRRA utility in the form:

1-0
3

th:o B! — al{working}

l-0

Thus our first order conditions are: ¢3 = k¢, where k = (8(1 + r))é

We can solve for optimal consumption under the three different choices through the first order
conditions above:

(T1+AT)wy
f_oWrtdet —5—
(,‘2 = N 2
iy
T1Wf
p_ wp+a2+w
C2 ——1 P
T 1T

Thus, the decision rule to Work for the federal government over going to an outside employer is
ul>ur:

Cgl—a _ CPl—U

2 1-o0
== (1+pk 0
l1-0 1+p )>

If cg > cf then U/ > UP regardless of o, and vice versa. Hence, we can just compare if cg >
cg . Since they contain the same denominator, we can simply compare the budget constraints.
We have intertemporal substitution in consumption o, but the trade off in consuming today vs
tomorrow is the same across the choices of different employment options.

Appendix F Three Choices in the Three Period Model

Set-up. Consider a worker who worked for the federal government for wage wy in the first period.
In period two, they face a decision to (1) continue working for the federal government for wage
w! and grow pension benefits At, (2) seek outside options for wage w”, or (3) retire and claim
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early benefits with a penalty y. In period three, all workers retire and claim their benefits. Workers
receive an annuity from the federal government that is some replacement rate 7 of their federal
wages w . For working in period one, a worker receives 7, wy in retirement, and a worker who also
works in period two will receive an additional ATwy in benefits. Under the old system, a worker
earns 0 of their outside wages as a portable retirement benefit. Under the new system, a worker
earns 6 of their total wages, regardless of where they work.

Budget Constraint. We model a federal worker’s lifetime budget that is composed of wages and
retirement benefits. We take the worker’s perspective in period two. Under the old system,

(T +AT)wy . .
old wr+ay+— 5 if continue to work for federal government
old 3 _ T1wr  Gpwp . . .
'+ Ter - wp+a+ 45+ if seek an outside option
A-Nriwr . .
A-Yniwr+a+ —5— if retire early

Under the new system,

(‘L’1+AT+5f+A5f) LUf

wr+a+ if continue to work for federal government
new f 1+r
3 1w Srwr+d,w . . .
oW+ TS Wetat 11+rf ! ’;H” L if seek an outside option
A-NE1+6pw . .
1-7)(11 +6f) wf+u1+% if retire early

The Worker’s Problem. Consider a worker who has preferences in the following form:
T
> Bl [u(cs) — al{if working}|
t=1

where f is the discount factor, ¢; denotes consumption in period ¢, u() is a CRRA utility function,
and «a is some disutility of working. Then given our budget constraint and objective function, we
can write the decision rule of working at the federal government over working in the private sector
as

Ul s UP o wr—wp+PAtwr—56pwp) >0 under the old system
wr—wp+PAtwr—86pwy+Adpwy) >0 under the new system

and the decision rule of working at the federal government over retiring early as

Ul > U - wr—A-y)Tiwr+pAT+yT)Wws >0 under the old system
wr—1-E1+6pwr+PAT+yT1+Y0+Ad)wr >0 under the new system
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and the decision rule of working at an outside option over retiring early as

wp—1=-ytiwr+PGpwp+yTiws) >0 under the old system

Ul>U" =
wp—1=p)T1+0pwr+POpwp+yTiws+ydrwy) >0 under the new system

Annuity Reduction. The annuity reduction of the new system will decrease the additional bene-
fits received from working at the federal government At and increase the penalty associated with
claiming retirement benefits early y. Holding fixed the changes in portability, the annuity reduc-
tion will increase the likelihood of retiring early over working in the federal government or some
outside option. However, the increase in penalty of early retirement will increase the likelihood of
staying at work or going to the private sector.

Portability. Portability changes the budget constraint by changing how ¢ interacts with the dif-
ferent choices. In the old system, 6 was only relevant for non-federal work; however, 6 becomes
relevant for all work history under the new system. In this view, portable benefits add to the value
of work, and thus reduces the probability of retiring early.

Appendix G Simulation of a Multi-Period Discrete Choice

Model

To simulate a multiple period model, we ran the following simulation:
1. Workers start at the federal government with a wage drawn from a normal distribution;

2. Ateach period, we draw an outside offer that is [0, 10, 20,30]% better in wages, based on the
type of worker that is pre-determined; we simulate 1,000 workers of each type;

3. With new information, workers evaluate the highest expected utility of (1) staying, (2) taking
the outside option, and (3) retiring;

4. Choose the highest expected value;
5. If they switch jobs, they incur a fixed cost;
6. If they retire, it is irreversible;

7. To simplify the simulation, there is no uncertainty in this model.
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Figure 14: Simulation: Private vs. Public Sector Years
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Note: This figure simulates workers’ decisions to work in the private sector, work in an outside option, or
retire. The y-axis shows the number of years in the private, or outside, sector from the simulation. The x-axis
shows the number of years in the federal government. The different colors represent the possible outside

options that each worker faced.
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AppendixH Changes in Portable Benefits

Figure 15: Change in PDV of Portable Benefits, assuming 5% yearly match
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Note: This figure reports the RD coefficients on the changes in PDV of portable benefits, which is composed
of Social Security and employer’s DC contributions, after the new system is introduced. We assume the
employer will contribute 5% of the worker’s wages in the DC savings plan and that this account will have a
generous yearly growth rate of 10%. We also assume that the wages will contribute to the first dollar of social
security. The running variable is the quarter in which an employee begins federal government work. Thus,
each point in the plots represents the sample of people who have started federal work at a given quarter.
The RD coefficients are reported as the § and p-values are given in parenthesis.
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Figure 16: Change in PDV of Total Retirement Benefits, assuming 5% yearly match
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Note: This figure reports the RD coefficients on the changes in PDV of total retirement benefits, which is
composed of the annuity, Social Security and employer’s DC contributions, after the new system is intro-
duced. We assume the employer will contribute 5% of the worker’s wages in the DC savings plan and that
this account will have a generous yearly growth rate of 10%. We also assume that the wages will contribute
to the first dollar of social security. The running variable is the quarter in which an employee begins federal
government work. Thus, each point in the plots represents the sample of people who have started federal
work at a given quarter. The RD coefficients are reported as the § and p-values are given in parenthesis.
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AppendixI Changes in Potential Total Benefits

Figure 17: Change in PDV of Total Retirement Benefits if Separated after 35 Years
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Note: This figure reports the RD coefficients on the changes in PDV of total retirement benefits, which is
composed of the annuity, Social Security and employer’s DC contributions, if all employees retired after 35
years. We assume the employer will contribute 1% of the worker’s wages in the DC savings plan and that
this account will have a generous yearly growth rate of 10%. We also assume that the wages will contribute
to the first dollar of social security. Wages are projected using interpolation. The running variable is the
quarter in which an employee begins federal government work. Thus, each point in the plots represents the
sample of people who have started federal work at a given quarter. The RD coefficients are reported as the

B and p-values are given in parenthesis.
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Appendix] Heterogeneity Analysis on Separation Rates by
Ages
Figure 18: Difference in Cumulative Separations by Age in the Old vs. New System
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Note: This figure plots the RD coefficients of the cumulative separation rates for different ages in the x axis.
Each point represents the difference in the cumulative separation rates between old system workers and
new system workers. The 95% confidence interval is shaded in gray. Light blue points represent coefficients
which are statistically significant from zero at the 95% level.
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Appendix K Productive Workers: High vs. Low Education

Figure 19: Difference in Cumulative Separations by Supplementary Pay
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Note: This figure plots the RD coefficients on the cumulative separation rates for the tenure lengths in the
x axis. Each point represents the difference in the cumulative separation rates between old system workers
and new system workers. Both figures plot the RD coefficients by supplementary pay: those that receive
extra wages within their pay bands vs. those that do not or receive less. Panel (a) restricts the sample to the
subset of workers that start with less than a Bachelorédiegree. Panel (b) restricts the sample to the subset of
workers that start with a Bachelor’s degree or higher. Light blue and red points represent coefficients which
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are statistically significant from zero at the 95% level.



Appendix L. Wage Growth by Education Level

Figure 20: Wage Growth relative to year 1 salary
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Note: This figure plots the wage growth relative to the first year of employment. The orange line represents
those who started with less than a Bachelor’s degree, and the teal line represents those who started with a
Bachelor’s degree or more.

AppendixM Separation Event Studies

Using the variation in the annuity growth before and after retirement eligibility, we can utilize an
event study to examine how labor supply responds to changes in financial incentives around full
retirement eligibility:

Yie=a+2ZX_ B, Xin+yDit+eir 3)

where X;, is adummy variable for if person i is 7 quarters away from full retirement eligibility; D;
is a vector of rich fixed effects (i.e. subagency, occupation category, location, education level, pay
status, appointment status, and age); Y;, is whether or not person i separates at quarter ¢; and 3,
is the average separation rate when n quarters away from full retirement eligibility. We condition
to workers within 5 years of retirement eligibility. Because we are able to control for a variety of
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characteristics and time, we include all workers that have started between 1980 and 2000. For the
event study on our RD sample, see Appendix M, which show similar but noisier effects.

Figure 21: Event study: separations around full retirement eligibility
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Note: This figure presents the event study coefficients provided in equation 3, for all workers who began
between 1980-2000. The sample is restricted to workers who work within 5 years of their full retirement eli-
gibility. The red vertical line signifies the time in which workers become eligible. The navy dots are workers
under the old system and the light blue dots are workers under the new system. Vertical bars represent the
95% confidence interval.

The figure highlights two facts about old versus new retirement system workers: old system work-
ers are much more sensitive to retirement eligibility, and they are also more willing to intertem-
porally substitute work to when (retirement) benefits are low. Under the old system, workers are
separating at a 1 percentage point rate prior to eligibility; however, following retirement eligibility,
that rate increases four fold to 4 percentage points. Then, workers remain at a higher 1.5 percent-
age point separation rate following the event. The new system workers, on the other hand, leave
at arate of 1.5 percentage points before and after eligibility. At eligibility, they separate at a rate of
3.5 percentage points, or about two to three fold of the baseline.

Below we run the same event study but for our RD sample.
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Figure 22: Event study: separations around full retirement eligibility
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Note: This figure presents the event study coefficients provided in equation 3. The sample is restricted to
workers who work within 5 years of their full retirement eligibility. The red vertical line signifies the time in
which workers become eligible. The navy dots are workers under the old system and the light blue dots are
workers under the new system. Vertical bars represent the 95% confidence interval.

Under the old and new system, workers are separating at a 1 percentage point rate prior to eligi-
bility; however, following retirement eligibility, that rate increases four fold to 4 percentage points
for old system workers and three fold to 3 percentage points for new system workers. Then, old
system workers remain at a higher 1.5 percentage point separation rate on average following the
event. The new system workers, on the other hand, separate at a rate closer to baseline around
1 percentage point after eligibility. This highlights two facts about old versus new retirement sys-
tem workers: old system workers are more sensitive to retirement eligibility, and they are also
more willing to intertemporally substitute work to when (retirement) benefits are low.
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Appendix N Early career workers
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Figure 23: Separating at 10 Years
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(c) Workers Eligible to Defer or Claim Early
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Note: This figure reports the RD outcomes for separating at 10 of tenure. Panel (a) plots the percent sepa-
rated with 10 years of service across the total sample, for each quarter around the 1984 policy change. Panel
(b) plots the percent separated at 10 years of service for those who begin work under 40 years old and are
thus only eligible to defer their benefits. Panel (c) plots the percent separated at 10 years of service for those
who begin work at 45 years old or above and are thus eligible to claim their benefits early or defer their
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benefits until later. The RD coefficients are reported as the § and p-values are given in parenthesis.
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Figure 24: Separating at 9 Years
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Note: This figure reports the RD outcomes for separating at 9 of tenure across the total sample, for each
quarter around the 1984 policy change. The RD coefficients are reported as the  and p-values are given in
parenthesis.
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Appendix O Different RD Bandwidths

Figure 25: Long Window - Difference in Cumulative Separations by Tenure Length in the
Old vs. New System
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Note: This figure plots the RD coefficients, using 10 quarters before and after the policy change, on the
cumulative separation rates for the tenure lengths in the x axis. Each point represents the difference in the
cumulative separation rates between old system workers and new system workers. The 95% confidence
interval is shaded in gray. Light blue points represent coefficients which are statistically significant from
zero at the 95% level.
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Figure 26: Short Window - Difference in Cumulative Separations by Tenure Length in the
Old vs. New System

Difference in Cumulative Separation Rates (New-Old)
All Workers

.05
.04+
.03
.02
.01+

-.01 7
-.02
-.03
-.04
-.05

T T T T T T
0 5 10 15 20 25 30 35
Tenure Length (in Years)

Note: This figure plots the RD coefficients, using 4 quarters before and after the policy change, on the
cumulative separation rates for the tenure lengths in the x axis. Each point represents the difference in the
cumulative separation rates between old system workers and new system workers. The 95% confidence
interval is shaded in gray. Light blue points represent coefficients which are statistically significant from
zero at the 95% level.
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Appendix P Placebo Test

Figure 27: Placebo: Difference in Cumulative Separations by Tenure Length in the Old vs.
New System
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Note: This figure plots the RD coefficients of a placebo threshold (second quarter of 1985) on the cumulative
separation rates for the tenure lengths in the x axis. Each point represents the difference in the cumulative
separation rates between old system workers and new system workers. The 95% confidence interval is
shaded in gray. Light blue points represent coefficients which are statistically significant from zero at the
95% level.
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Appendix Q Seasonal Effects

Figure 28: Removing Seasonal Effects: Difference in Cumulative Separations by Tenure
Length in the Old vs. New System
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Note: This figure plots the RD coefficients, after residualizing for quarter fixed effects, on the cumulative
separation rates for the tenure lengths in the x axis. Each point represents the difference in the cumulative
separation rates between old system workers and new system workers. The 95% confidence interval is
shaded in gray. Light blue points represent coefficients which are statistically significant from zero at the
95% level.

Appendix R Selection on Sample Splits

Below are the balance tests for sample splits from the main analysis. We include all the sample
splits with the exception of the promotion analysis because the sample is cut differently for each
tenure length. We find marginal differences in education for some samples, most notably in the
above median supplementary pay analysis.
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Table 5: Changes in Hiring Characteristics

@ 2) 3) @) 5) (6) @ 8)
Starting Educ. Starting Educ. Starting Pay StartingPay  StartingAge Starting Age Suppl. Pay Suppl. Pay
Less than Bachelor’s  Bachelor’s or More ~Below Median ~ Above Median Below 40 45o0rAbove  Below Median ~Above Median
Quarters Needed for Full Retirement 1.16 -1.40 0.04 0.11 1.46 -0.45 0.38 -0.38
(2.07) (1.97) (2.40) (1.44) (1.42) (0.75) (2.10) (1.65)
In(Starting Salary) 0.02 0.04 0.01 -0.00 0.01 -0.02 0.01 0.01
(0.02) (0.03) (0.01) (0.00) (0.04) (0.02) (0.03) (0.02)
Starting Age (in Quarters) 0.74 3.93 2.18 2.04 0.65 1.81* 1.71 2.52
(2.63) (2.90) (3.65) (2.03) (1.96) (0.78) (2.99) (2.57)
No. Hires in Subagency
Education
High School or More -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Bachelor’s Degree or More -0.05** -0.03 -0.05* -0.02 -0.04 -0.05%**
(0.02) (0.04) (0.03) (0.02) (0.04) (0.02)
Higher Educ. Degree or More 0.06* 0.00 0.02 0.01 0.00 0.02 -0.00
(0.03) (0.00) (0.04) (0.03) (0.00) (0.04) (0.00)
Years of Educ. -0.04 0.11 -0.18*** -0.07 -0.16 -0.05 -0.12 -0.17%**
(0.06) (0.08) (0.07) (0.14) (0.10) (0.12) (0.14) (0.06)
Occupation Category
White-Collar -0.01 -0.00 -0.02 -0.01 -0.02 0.00 -0.01 -0.02
(0.03) (0.00) (0.04) (0.01) (0.03) (0.00) (0.02) (0.03)
Blue-Collar -0.00 0.00 -0.00 0.01* 0.00 -0.00 0.00 0.01
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.01)
Other 0.01 0.00 0.02 -0.00 0.01 -0.00 0.01 0.01
(0.03) (0.00) (0.04) (0.00) (0.02) (0.00) (0.02) (0.04)

Note: This figure reports the RD coefficients that relate to the change in hiring characteristics under the
new retirement system. The running variable is the quarter in which an employee begins federal govern-
ment work, and the regression contains the six quarters before and after the policy change. Column (1)
and (2) report the coefficients, splitting the sample by starting education. Column (3) and (4) report the
RD coefficients, splitting by starting salary. Column (5) and (6) report the coefficients when restricting by
starting age. Column (7) and (8) report the RD coefficients, splitting by supplementary pay. Standard errors
are reported in parenthesis. *p < 0.1, * * p <0.05, * * *p <0.01.
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