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I exploit amajor, unanticipated reform of the California teachers' pension to provide quasi-experimental evidence
on the link between pension features and retirement timing. Using two large administrative data sets, I conduct a
reduced-form analysis that leverages the nonlinearities in the return to work generated by the pension features
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lifetime labor supply with respect to the return to work are centered around 0.04 in the medium-run and are
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1. Introduction

With the baby boomers reaching retirement age, public officials and
private pension managers are scrambling to design policy that will
reduce the burden of pension obligations on younger workers and
shareholders, while still fulfilling the promises made to those nearing
retirement. The proposed reforms will inevitably alter key pension
financial incentives faced by members, such as the financial gain for
an additional year ofwork,making the degree towhich these incentives
affect retirement timing central to the policy debate.

Although there is an extensive literature that addresses the rela-
tionship between pensions and retirement, there is no firm consensus
on the magnitude of the behavioral response to pension incentives.
Recent work has emphasized the importance of forward-looking pen-
sion financial incentives to individual retirement decisions and has
utilized both structural and reduced-form approaches to estimate
the behavioral response to these incentives.1 These estimation
techniques, which assume that retirees facing diverse pension incen-
tives are otherwise identical after controlling for other observable
comprehensive models which
and the additional incentives
stman and Steinmeier (1986)
form variant of the option val-
ate the effect of Social Security
(2007) introduce a modifica-
gle the effect of Social Security
o used extensively in a volume
2005). Costrell and Podgursky
he teacher-pension specific re-
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characteristics, prove unsatisfactory as the potential for endogenous
sorting makes it difficult to infer the true causal effects of the pension
features.

In this paper, I address this concern by using a quasi-experimental
approach to estimate the price elasticity of lifetime labor supply, a key
parameter for predicting the response of individuals to pension re-
forms and for measuring the deadweight loss associated with retire-
ment programs. I use two unique administrative data sets to exploit
the exogenous variation in the return to work that is generated by
the nonlinear features of the California teachers' pension benefits and
by the reforms of these pension benefits. The distribution of retirements
about the budget constraint nonlinearities reveals how much labor
supply responds to changes in the return to work and is the basis for
the estimates of the elasticity of lifetime labor supply. The results
imply that California teachers' lifetime labor supply is relatively insensi-
tive to the financial return to work.

This paper builds on both a growing literature that uses budget
constraint nonlinearities to identify the causal effect of price changes
on individual choice and a small literature that uses policy-reform
based variation in pension financial incentives to address potential
omitted variable bias. Saez (2010), which demonstrates that the com-
pensated price elasticity is proportional to bunching at price schedule
kink points in the context of income taxation, is a foundational work
of this first literature.2 More closely related to this paper, Manoli and
2 Studies using related empirical methods examine such diverse topics as the impact
of tax rates on earnings (Kleven andWaseem, 2012) and on labor supply (Chetty et al.,
2011), the effect of EITC on non-labor income (Weber, 2012), the income and labor
supply effects of CHIP (Pei, 2012), the effect of the Saver's Credit on income and savings
(Ramnath, 2011), and the response of automakers to fuel economy policy (Sallee and
Slemrod, 2012).
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Weber (2011) find that the extensive margin labor supply is inelastic
by exploiting discontinuities in the level of benefits in the Austrian
pension system. I contribute to this literature by using discontinuities
in the growth rate of pension benefits to estimate the lifetime labor
supply elasticity. I also extend the estimation method used in this lit-
erature by using policy reforms that shift budget constraint nonline-
arities to provide information about the counterfactual labor supply
on a linear budget constraint.

The policy-reform retirement literature generally finds a smaller
role for financial incentives than non-reform studies. For example,
Burtless (1986) and Krueger and Pischke (1992) examine individuals'
responses to changes in the level of Social Security benefits and find a
small role for Social Security in the trend toward later retirement.
More recently, Mastrobuoni (2009) examined the effect of the expected
rise in the Social Security normal retirement age on retirement behavior
and found somewhat larger effects.3 This paper adds to this literature by
focusing on distortions to the return to work rather than changes in the
level of benefits.

The California public school system is an advantageous setting in
which to estimate the impact of pension price incentives on retirement
timing. California teachers are required to participate in a state pension
systemwith a simple benefit formula, do not participate in Social Secu-
rity, have tenure, and face a rigid collectively-bargained wage schedule,
so there is little uncertainty in the financial return to work and it is both
salient to the teachers and easily calculated with administrative data.
Importantly, in contrast to the Social Security reforms addressed in
the literature that primarily changed benefit levels and the focal retire-
ment age, the California pension reform explicitly altered the financial
return to an additional year of work. A further advantage of this study
is that a large portion of the sample is women, a group which has argu-
ably been understudied.

Given the minimal employment-related uncertainty faced by the
teachers, I use a nonstochastic lifetime budget constraint framework
to model their retirement decisions. One salient theoretical prediction
of this model is that a bunching of retirements will be observed at bud-
get constraint kinks and discontinuities. In the California teachers' case
these nonlinearities are a product of the pension program. I first exam-
ine the response of individuals to their pension features and to the pen-
sion reform in a flexible way. I construct the prereform and postreform
distributions of retirees over age and show that there is a spike in the
distribution at the universal prereform budget constraint kink and
that this spike shifts to the new kink following the reform. The distribu-
tions over service are also consistent with the discontinuity in the level
of benefits that is introduced by the pension reform. The reform pro-
vides evidence that the distinct retirement pattern is shaped by pension
financial incentives rather than other coincident factors.

Next, I incorporate the pension reform into the estimation method
introduced by Saez (2010) to quantify the excess retirements at the
budget constraint kinks and to estimate the elasticity of lifetime labor
supply. I determine the excess retirements as the difference between
the pre- and post- reform retirement distributions at points where the
kinks are removed or introduced. The estimates of the labor supply elas-
ticity with respect the financial return to work are relatively small with
the preferred estimates centered at 0.04. The results imply that teachers
are willing to adjust their retirement dates by less than two months
in response to a 10% increase in compensation. I investigate the impact
3 There are also several papers that identify the responsiveness of retirement to fi-
nancial incentives using a shock created by a temporary retirement incentive program.
These include Lumsdaine et al. (1992) and Pencavel (2001). Both find evidence that
separation rates are responsive to the incentive but are unable to predict who will
leave. The one most closely related to this paper is Furgeson et al. (2006) which uses
administrative data to look at the retirement of Pennsylvania teachers and find that
the substitution elasticity of retirement is strongly negative. It is not trivial to compare
the findings from examining temporary retirement incentive programs to those from
examining permanent pension reforms.
of potential extensive-margin frictions, specific to this setting, that may
cause the elasticity estimates to be downward biased. These include a
high implicit cost to retiring during the school year, a cost to adjusting
retirement plans in response to the pension reform, and the cost of
health insurance coverage. I find that these factors have little effect on
the overall results.

Finally, I use an instrumental variable strategy to estimate an alter-
native measure of labor supply — the effect of the financial return to
working on the probability of working an additional year. This alterna-
tive measure of labor supply allows me to compare the behavior of
California teachers with findings in the literature. I find that California
teachers behave similarly to the Social Security population in the U.S.
and the estimated elasticity is similar to the findings of Manoli and
Weber (2011) for the Austrian population.

The remainder of this paper is organized as follows. In Section 2, I
provide an overview of the California teachers' defined benefit program,
the reforms of the program, and the data used in this study. Section 3
introduces the empirical strategy which is based on a simple lifetime
budget constraint model that captures the teacher retirement decision.
Section 4 presents the main labor supply elasticity estimates based on
retirement behavior at budget constraint nonlinearities. Section 5
includes robustness checks for the main results and Section 6 presents
alternative labor supply estimates. Section 7 concludes.

2. Background and data

2.1. CalSTRS defined benefit program

California public school teachers are covered by a defined benefit re-
tirement plan administered by the California State Teachers' Retirement
System (CalSTRS) which ranks among the ten largest public retirement
systems in the United States both in terms of assets and members. The
main features of the defined benefit pension resemble those of most
employer-sponsored defined benefit retirement programs and also of
Social Security. Participation is mandatory for teachers employed full-
time in California public schools and upon retirement each CalSTRS
member receives a lifetime annuity with an annual value based on
years of service, age and past salary. The retirement system is financed
with contributions from active members (8% of salary), employing
school districts, and the State General Fund, as well as with investment
earnings.

The CalSTRS pension is likely to be a prominent component of
California teachers' retirement portfolios and an important consider-
ation in the retirement decision for several reasons. First, the CalSTRS
pension is the only source of employment-based retirement income
for career teachers because California teachers are not simultaneously
covered by Social Security. Second, CalSTRS members' pensions are
not disrupted as they move between employing public school districts
within California. Third, CalSTRS is relatively generous; the average
replacement rate for retired teachers is 59% of final annual salary,
while the replacement rate for the average Social Security annuitant is
only 41% of average annual lifetime earnings.4

Features of the pension benefit calculation and the reforms of
these features are central to the empirical strategy employed in this
paper. Each retired CalSTRS member receives a lifetime annuity
with an annual value calculated according to the following formula:

B R; Sð Þ ¼ k R; Sð Þ � S�w f
S : ð1Þ
4 Replacement rates are based on the author's calculations using data in the statisti-
cal section of the CalSTRS Comprehensive Annual Financial Report (CalSTRS, 2006a)
and the Social Security Administration Performance and Accountability Report (Social
Security Administration, 2006). The average replacement rate calculated for California
teachers corresponds to an average retirement age that is just past 60, while the re-
placement rate reported for Social Security corresponds to retirement at age 65.
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Fig. 1. Benefit factor schedule by retirement age.
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This “unmodified allowance” is a function of years of service S, re-
tirement age R, final compensationwS

f , and a benefit factor k. Final com-
pensation is the average salary in the previous 1–3 years. The value of
the benefit factor is increasing in retirement age R and years of service
S. For individuals retiring prior to 1999 the benefit factor started at
1.4% at age 55, the early retirement age, and was increasing linearly in
age at an annual rate of 0.12 percentage points up to the maximum of
2.0% at age 60, the normal retirement age. For example, an individual
with 30 years of service retiring at age 60 would receive a benefit
equal to 60% of her income.

InAugust of 1998 the California State Legislature passed two bills, AB
1102 and AB 1150, that provided an unprecedented, and unanticipated
increase in the generosity of the CalSTRS defined benefit pension for
those that would retire on or after January 1, 1999.5 Teachers could
not plan for these changes as the bills were introduced in their final
forms just days before the legislative vote and past attempts to change
benefits were unsuccessful. However in Fall 1998, the regular CalSTRS
newsletter (CalSTRS, 1998), which is mailed to all teachers, detailed
the reforms and provided examples of how these reforms changed
benefits.

The legislated reforms altered the pension program solely through
changes to the benefit factor, k in Eq. (1), while the structure of the
program, the general allowance formula, and the normal retirement
age remained the same. The first reform, the Enhanced Age Factor
(EAF), raised the maximum value for the benefit factor from 2.0% to
2.4%. The effect of this change can be seen in Fig. 1. The prereform
schedule and the postreform EAF schedule are identical up to age
60. In the postreform EAF schedule the benefit factor continues to in-
crease at an annual rate of 0.133 percentage points, reaching the new
maximum of 2.4% at age 63. The second reform, the Career Bonus (CB),
provides a onetime increase of 0.2 percentage points in kwhen 30 years
of service is completed. However, the cap on the benefit factor is abso-
lute, so individuals that reach 30 years of service between the ages of
611

2 and 63 gain less than 0.2 percentage points, with the bonus falling
to zero at age 63. The postreform schedule with the EAF and the CB is
represented by the black solid line in Fig. 1. In the postreform period,
an individual moves from the “EAF Only” schedule to the “EAF+CB”
schedule when she attains 30 years of service.

The reforms shifted the age location of the maximum benefit fac-
tor from age 60 to a later retirement age for all teachers. The interac-
tion of the two reforms creates variation in the age location of the
postreform maximum across the population. It occurs as early as
age 611

2 if 30 years of service have been attained or as late as age 63
if 30 years are not worked before this age.

Despite the seemingly small nature of the reforms, their potential
impact on retirement benefits was quite large. Most importantly for
this paper, the shift of the benefit factor cap caused the present
value of the financial return to working an additional year at age 60
to double on average. The effect on the financial return to work is
discussed in greater detail in Section 3. Additionally, the unmodified
allowance (B) increased by 20% for retirements at age 63 and by at
least 10% for retirements after 30 years of service.
6 The systemwide count data set was constructed with the assistance of the CalSTRS
administrative office and begins in July 1994 and ends in June 2004. The LAUSD data
set was compiled by Personnel Research and Assessment in LAUSD.

7 Retirements as measured here require that teachers leave their current jobs and
begin collecting pension benefits. However, it should be noted that teachers may re-
turn to work in the public schools and collect their pensions, but their benefits will
be reduced dollar-for-dollar for earnings that exceed the plan limit. Fong and
2.2. Data description

Two administrative data sets are used to estimate the sensitivity of
lifetime labor supply to the financial return to work. The first data set
includes counts of new teacher retirees in quarter-year age by half-
year service bands for each calendar year 1994–2004 for all public
schools in California. The second data set is individual-level admin-
istrative data for all retirement-eligible teachers that were employed
by the Los Angeles Unified School District (LAUSD) during each
5 Contributions to the pension were not changed.
academic year 1997–2004, with retirements indicated.6 In addition
to the number of retirements in each year, both data sets include
the age and service of each retiree, which are used to calculate indi-
viduals' retirement benefits as a multiple of salary.7 Details of the
benefits calculation are in Appendix A.

The primary advantages of the systemwide retirement count data
set are its size — there are over 84,000 retirement observations, and
that it captures several years before and after the 1999 reforms. Sum-
mary statistics for this data are presented in columns (1) and (2) of
Table 1. The annual number of retirements grew over time in propor-
tion to the growth of the California teacher population over age 55.
Following the reforms, the average age at retirement increased by
less than a year and the average number of years worked under
CalSTRS increased by about one year.

The LAUSD data is small by comparison and provides limited
prereform coverage. Although there are over 44,000 individual-year
observations, only 10% of retirement-eligible teachers retire each
year leaving 4652 observed retirements. Also, years of service in
LAUSD are recorded rather than total CalSTRS-covered service.8 How-
ever, this data set is richer than the retirement count data providing
an opportunity to examine heterogeneity by sex and to perform addi-
tional robustness checks. In addition, because active teachers and sal-
ary are included, I am able to estimate the effect a dollar increase in
the return to work on the probability of working another year as an
alternative labor supply measure, which can be compared with the
findings of other studies. Summary statistics for observed retirees
are shown in columns (3) and (4) of Table 1. Appendix B presents sta-
tistics from the Census 2000 to provide a better picture of the charac-
teristics of California teachers than is possible with the administrative
data.
3. Lifetime labor supply model and empirical strategy

A simple lifetime budget constraint model captures the major fi-
nancial incentives of the CalSTRS pension and generates a number
of unambiguous predictions for the retirement behavior of CalSTRS
Makkonen (2012) estimate that 3 to 8% of retired teachers do return to work in this pe-
riod, which would tend to bias the estimates of lifetime labor supply elasticity upward.

8 Costs to transferring across districts limit most movement to the first four years of
service (Reed et al., 2006).



Table 1
Summary statistics.

Systemwide LAUSD

Prereform
(1994–98)

Postreform
(1999–2004)

Prereform
(1997–98)

Postreform
(1999–2004)

Mean age 60.79 61.16 62.10 62.33
Mean service 26.61 27.72 25.69 27.32
Percent female 69.78 72.65
Mean salary (year 2000 $) 56,862 61,048
Observations 29,350 54,798 1029 3623

Note: The sample includes teachers age 55 or older at the time of retirement.
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members in response to these incentives and to the reform of these
incentives. This nonstochastic model, which abstracts from bequests
and assumes retirement is an absorbing state, highlights the trade-
off between retirement leisure and consumption of market goods in
the retirement timing decision, making it a good starting point for
estimating lifetime labor supply elasticity with administrative data.
In this model the sharp changes in the financial return to work are
salient. The empirical strategy will exploit behavior at these budget
constraint nonlinearities for identification and estimation.

Individual preferences are defined over two goods, lifetime con-
sumption of market goods C and years of work S. An individual's utility
in each period is assumed to be additively separable in consumption
and leisure, so that ut(ct,l)=v(ct)−ϕt× l, where ϕt is the disutility
from working in period t and l takes the value one if the individual
works in that period and is zero otherwise. For exposition, allow T to
be the last period of life, known with certainty and let the interest and
discount rates equal zero. These assumptions are relaxed in the empir-
ical implementation (see Appendix A). Assuming v(.) is concave with
respect to ct, the individual will maximize utility for any retirement
date by perfectly smoothing consumption over the lifecycle so ct ¼ C

T

for all t. Then the lifetime utility can be written as U(C,S)=T×v(C/T)−
∫ t=0

S ϕt dt with UC=v′(C/T)=v′(c),US=−ϕS, and USS ¼ −ϕ′
S.

With a defined benefit retirement program, an individual's life-
time budget constraint is not the sum of wage earnings, as it is in
the absence of the program, but rather the sum of lifetime wage earn-
ings net of contributions to the program and pension wealth — the
sum of pension income collected in retirement. The budget constraint
for a CalSTRS member retiring at some retirement age R after S years
of service can be written as C=∫ t=0

S wt(1−τc)dt+∫ t=R
T B(R,S)dt,

where B(R,S) is the annual retirement allowance as given by Eq. (1)
and the last term is pension wealth. Because CalSTRS retirement ben-
efits are a function of years of work and retirement age, I make the
simplifying assumption that for teachers near retirement accruing
an additional year of service is equivalent to retiring one year older.
Specifically R=S+a0, where a0 is a constant that can be thought of
as the effective starting age for an uninterrupted career.

The slope of the budget constraint is the total financial return to
working. At any service level S, this “net wage” (wnet) is roughly a
multiple of annual salary and can be written as

dC
dS

¼ wS � 1−τcð Þ þ d
dS

∫T
t¼Sþa0

kS � S�w f
S

� �
dt

¼ wS � 1−τcð Þ−w f
S � S� kS

þ w f
S � dkS

dS
� Sþ kS

� �
þ dw f

S

dS
� kS � S

" #
� T−S−a0ð Þ:

ð2Þ

The second and third terms of Eq. (2) taken together are the pen-
sion wealth accrual, the total change to pension wealth for an addi-
tional year of work. The second term is the retirement allowance
that could have been collected in the current year, but is forfeited to
continue working. The third term is the change in annual allowance
for delayed retirement accumulated over the shorter retirement peri-
od. A key determinant of the budget constraint slope at any point, and
the one central to the empirical analysis, is the growth of the benefit
factor for an additional year of work, dk

dS. Here, if dk
dS > 0 the pension is

generally acting as a subsidy to wage earnings, otherwise it is acting
as a tax.

Faced with a convex, differentiable lifetime budget constraint, the
labor supply S∗ that solves the first order condition, −US

UC
S� ¼ wnet

S�
�� ,

determines the utility maximizing retirement date provided USS ¼
−ϕ′

Sb0. Heterogeneous preferences for workingwill generate a distri-
bution of career lengths. If the preference parameter is smoothly
distributed in the population, individual labor supplies will also
be smoothly distributed according to some density function h(S)
when the population is faced with an approximately linear budget
constraint.

In this framework, for a small change in the slope of the lifetime
budget constraint income effects can be ignored and the substitution
elasticity of lifetime labor supply at years of work S is

e ¼ dS
S
� wnet

dwnet ð3Þ

(Saez, 2010). If the change in slope is not small the elasticity will in-
clude income effects. Estimates of the elasticity that rely on cross-
sectional variation in the net wage will be biased if taste for work or
other unobserved differences in the disutility of working are correlat-
ed with the net wages of individuals. The remainder of this section
describes the empirical strategy that uses budget constraint nonline-
arities and reform-induced shifts in these nonlinearities to address
potential biases. The nonlinearities are a function of pension features
that affect all teachers so it is unlikely that this source of variation in
the return to work is correlated with individual preferences for work.

3.1. Convex kink

In the CalSTRS case, the first type of budget constraint distortion
generated by the pension is a convex kink that occurs when the ben-
efit factor cap is reached. As S increases dk

dS > 0 is relatively constant,
until k reaches the legislated maximum (2% in the prereform period
and 2.4% in the postreform period) causing dk

dS to fall to zero. The
sharp decrease in the slope at this point creates a convex kink in
the lifetime budget constraint — at age 60 in prereform period and
between ages 611

2 and 63, depending on years of service, in the
postreform period. The discussion below is framed in terms of a
kink at a particular service level, but the empirical implementation
will be adjusted to account for the age, rather than service, locations
of CalSTRS kinks.

To see how a kink affects the retirement pattern, consider a popula-
tion that faces a linear budget constraint with a slope ofwH

net. Each indi-
vidual retires at S∗, such that his ratio of marginal utility of labor to
marginal utility of consumption is equal to the net wage. As above, as-
suming heterogeneous preferences smoothly distributed across the
population and no discontinuities in the cost of working, S∗ is also
smoothly distributed according to some function h(S). If a kink is intro-
duced to the budget constraint, so that the budget constraint slope falls
to wL

netbwH
net for S∈[SK,T] individuals with S∗>SK may adjust their

retirement dates.
Following Saez (2010), with the introduction of a small kink, there

exists an individual that will adjust retirement from SH
∗ to SK, and

whose indifference curve will be exactly tangent to the upper seg-
ment of the budget constraint at SK, so that −US

UC SK ¼ wnet
L

�� , as shown
by UL in Fig. 2. The change in lifetime labor supply for this individual,
SH
∗ −SK, is dS for dwnet=wH

net−wL
net. SH∗ can be estimated by noting

that all individuals with a lifetime labor supply of S∗∈ [SK,SH∗ ] when
faced with the linear budget constraint of slope wH

net will also locate



Fig. 3. Elasticity estimation with a discontinuity. Notes: This figure depicts the retire-
ment decision when a discontinuity is introduced to the budget constraint at SD.
With the introduction of the discontinuity individuals with SL

∗bS∗bSD will move to SD.
The distance between SL

∗ and SD is the total movers from below, NG, divided by the re-
tirement density across these service levels when the budget constraint is linear. Indi-
viduals with S∗>SD will also reduce their labor supplies.

Fig. 2. Elasticity estimation with a convex kink. Notes: This figure depicts the retirement
decisionwhen a kink is introduced to the budget constraint at SK. With the introduction of
the kink all those with SKbS

∗bSH
∗ , will move to SK. The distance between SH

∗ and SK is the
total movers, NE, divided by the retirement density across these service levels when the
budget constraint is linear.
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at SK when the kink is introduced causing bunching in the retirement
distribution.

The total number of excess kink retirements is NE ¼ ∫S�H
SK
h Sð ÞdS,

where h(S) is the density of retirees when the budget constraint is
linear. The distance between SK and SH

∗ for a given change in net
wage at the kink is increasing in the labor supply elasticity. Thus the
bunching at the kink point is proportional to the substitution elastic-
ity of lifetime labor supply. This relationship is used to estimate dS in
Eq. (3). The elasticity can then be approximated as

e ¼ NE
=h Sð Þ

SK � ln wnet
H =wnet

L

� � ; ð4Þ

where NE/h(S) is dS (Saez, 2010; Weber, 2012). The net wage and the
change in net wage at the kink (as a multiple of annual salary) can be
calculated using the pension formula. The details of the empirical
implementation are described in Section 4.2.

Eq. (4) will only yield the lifetime labor supply elasticity of substi-
tution in the case of a small net wage change, otherwise it will be con-
taminated with income effects. The slope change at the CalSTRS kinks
is a relatively large 50% decrease. The assumption of a small change is
relaxed in Section 4.2. The assumption that the underlying distribu-
tion h(S) is smooth is examined in Section 5.

3.2. Discontinuity

The second distortion created by the pension is a discontinuity in the
budget constraint. This discontinuity is the result of the career bonus
legislation and occurs at 30 years of service for some participants in
the postreform period only. At the service threshold, hereafter SD, the
change in the benefit factor is positive for an infinitesimal change in ser-
vice, dk

dS→∞, creating the discontinuity in the lifetime budget constraint.
The discontinuity only exists for those teachers that do not reach the
binding benefit factor cap before completing 30 years of service. I define
theHigh Service group as those thatwill receive the full bonus (Δk=0.2
percentage points) at 30 years of service and the Low Service group as
those that will receive no bonus at 30 years of service.

To see how this discontinuity affects the retirement distribution,
again assume that preferences for work are smoothly distributed
across the population and that when faced with a linear budget con-
straint each individual will retire such that −US

UC S� ¼ wnetj , resulting in a
smooth distribution of retirements across along the service dimen-
sion. If a discontinuity is introduced to the linear budget constraint
at SD for all individuals, individuals with S∗ to both sides of the discon-
tinuity have an incentive to adjust their retirement dates toward SD.

In this context, there exists an individual with SL
∗bSD that will be

exactly indifferent between her old retirement date and SD on the
new budget constraint such that U(SL∗)=U(SD) as shown in Fig. 3.
This individual will move to SD and the change in lifetime labor sup-
ply in response to the discontinuity is dS=SD−SL

∗. Each individual
with SL

∗≤S∗≤SD will also delay retirement to the discontinuity,
while those with S∗bSL

∗ will not adjust their retirement dates at all.
With a homogeneous elasticity across the population and no frictions,
this creates a gap in the retirement distribution such that there will
be zero retirements between SL

∗ and SD. The “missing” retirements
will reappear exactly at SD creating a spike in the distribution at this
point.

These shifted retirements, NG ¼ ∫SD
S�L
h Sð ÞdS, are proportional to the

lifetime labor supply elasticity of substitution. Analogous to the kink
case, dS ¼ NG

h Sð Þ, where h(S) is the density when the budget constraint
is linear. Empirically the density does not go to zero preceding the
gap, but in the absence of optimization frictions the estimated elastic-
ity can be interpreted as the average elasticity of the population.

However, unlike the kink case, the discontinuity does not create
exogenous variation in the marginal return to work, so calculating the
elasticity of lifetime labor supply with the estimate of dS is not as
straightforward. I approximate themarginal return toworkwith the av-
erage return between SL

∗ and SD. This is similar to the approach in Kleven
andWaseem (2012), though in their context the nature of the disconti-
nuity allowed them to estimate optimization frictions, an advantage not
present here. In this strategy dwnet=wD

net−wnet where wnet is the re-
turn towork at SL∗when there is no discontinuity andwD

net is the average
return to work between SL

∗ and SD when the discontinuity at SD is pres-
ent. This effectively imposes a nonconvex kink at SL∗ years of service as
shown by the dashed line in Fig. 3. Of course, faced with such a budget
constraint, the individual that was located at SL∗ on the linear budget
constraint with slope wnet would be better off by locating somewhere
between this point and SD, so the estimated elasticity will be an upper
bound for the true parameter. The alternative structural estimation
strategy requires imposing a functional form on utility and using the
constraint U(SL∗)=U(SD) to directly estimate the elasticity.
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Fig. 4. Stylized budget constraints in age and service. Notes: The budget constraint in age (left) depicts the lifetime budget constraint for the median CalSTRS member that would
have 27 years of service at age 60. The budget constraint in service (right) depicts the lifetime budget constraint for a CalSTRS member that would have 30 years of service at age 60.
For both, total consumption is the present discounted value of salary and future pension payments (discounted to age 55) scaled by the median salary at age 60 ($55,000). The
discount factor is assumed to be 0.97, salary is assumed to grow by $1000 per year and the individual is assumed to live to age 80 with certainty. Changes to the discount rate change
the level of the budget constraint but the percentage change in the slope at the kink point remains the same.
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While other work has focused on the spike in retirements at SD
(Manoli and Weber (2011) for example), I focus on the gap preceding
SD for two reasons. First, the missing retirements will not be equivalent
to the bunching at SD as individuals with S∗>SD will reduce their labor
supplies in the presence of non-zero income effects. Estimates of the
substitution elasticity of lifetime labor supply based on the excess re-
tirements at SDwill then be overstated. Second, because the discontinu-
itywas introduced by the reform, it will take time for those that delayed
retirement to reach 30 years of service and retire, but the gap can be
observed immediately.9

4. Empirical results

In this section, I examine the evolution of the aggregate retirement
distributions over age and service, with particular attention to the ac-
tion at budget constraint nonlinearities thatwere shifted by the pension
reform. I then quantify the responsiveness of individuals to pension
financial incentives by estimating the lifetime labor supply elasticity
using retirement behavior around the budget constraint nonlinearities,
as discussed in Section 3.

4.1. Graphical evidence

A comparison of the prereform and postreform retirement distribu-
tions across age and years of service, relative to the changes in the
budget constraint faced, provides visual evidence of the response of
CalSTRSmembers to the financial return to work and to the pension re-
form. The retirement distributions are constructed for the prereform
period (1995–98) and the postreform period (1999–2003) using the
systemwide CalSTRS administrative data. For each year, the number of
retirements in each age or service band as a fraction of total retirements
is calculated. The annual densities are averaged with equal weight to
construct the distributions for the prereform and postreform periods.

In the prereform period all individuals have a convex kink in their
budget constraints at age 60, where the benefit factor reaches the
2.0% cap and the net wage for continued work falls from approxi-
mately 1.2 times the annual salary to about 0.6 times the annual sal-
ary. The location of the kink in the postreform period is the age at
which the benefit factor hits the cap of 2.4%. The earliest possible
kink age is 611

2, for the High Service group, and the latest possible
age is 63 for the Low Service group. These High Service and Low Ser-
vice groups, those attaining 30 years of service before age 611

2 and
9 This issue is compounded by a shorter observation window due to contamination
by a pension reform in 2001 that also affected benefits at 30 years of service.
after age 63 respectively, include over 95% of the retiring population
in each year, and will be the focus of the graphs. A stylized budget
constraint depicting this reform is in Fig. 4.

The average age distributions of annual retirements for the pre-
reform and postreform periods are shown for the High Service
group in Fig. 5a and for the Low Service group in Fig. 5b. For each re-
tirement age R, the fraction includes all retirees that retire at ages
∈[R, R+.25). As expected there is a spike in the density of retire-
ments at age 60±3 months in the prereform period and the density
at this age drops by over 1

3 in the postreform period. However the per-
sistent spike at age 60 indicates potential adjustment frictions that
will be discussed in Section 5. For the High Service group, the fraction
of retirees locating at the new kink of 611

2 � 3months has doubled
from 4% to 8%. For the Low Service group, the increase in retirements
at the new kink of age 63, from 3.5% to 4.5%, is not as pronounced. The
smaller effect at this later age may be partially attributable to delayed
transition between the prereform and postreform equilibria, which is
discussed in more detail in Section 5. The Low Service group provides
a cleaner test of the predicted shift of the retirement distribution be-
cause its budget constraint is altered by only a shift in the kink point,
whereas the High Service group also faces a new discontinuity at
30 years of service in the postreform period. It is also worth noting
the spike in retirements at the early claiming age of 55, a feature ob-
served in most social insurance systems.

The shift of the spike in the retirement distribution from age 60 to
the age that coincides with the group-specific postreform kink (age
611

2 or 63) is the key evidence supporting the existence of a causal
link between the financial return to work and retirement timing.
The reform provides a test that the strong preference for retiring at
age 60 is influenced by financial incentives rather than non-pension
coincident incentives.

The reforms also introduce a discontinuity at 30 years of service for
those that do not hit the benefit factor cap beforehand. The stylized
budget constraint for the High Service group, who were eligible for
the maximum bonus at exactly 30 years of service, with consumption
as a function of service, is shown in Fig. 4. The service location of the
postreform kink varies across individuals and so does not make aggre-
gate predictions for the retirement distribution on the service dimen-
sion. The effect of the reform is reflected by the shift from the dashed
line to the solid line. The magnitude of the discontinuity at 30 years of
service is approximately equal to the annual salary for the median
CalSTRS retiree. There is no change in the budget constraint in service
for the Low Service group because they are unaffected by construction.

The prereform and postreform retirement distributions along the
service dimension for the affected High Service group and for the
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Fig. 5. Age distribution of retirees by service group. Notes: This figure depicts the density
of retirements between ages 55 and 69. The annual age distributions were constructed
using the CalSTRS systemwide administrative data. These were then averaged, with
equal weight, to create the prereform (1995–98) and postreform (1999–2003) distribu-
tions. The High Service group is defined as having the ability to work 30 years by age
611

2 and the Low Service group is defined as being unable to work 30 years before age
63. The prereform and postreform budget constraint kinks are indicated by the dashed
vertical line and the solid vertical line, respectively. The return to working an additional
year falls by 50% at the kinks.
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Fig. 6. Service distribution of retirees by service group. Notes: This figure depicts the
density of retirements between 20 and 40 years of service. The annual service distribu-
tions were constructed using the CalSTRS systemwide administrative data. These were
then averaged, with equal weight, to create the prereform (1995–98) and postreform
(1999–2000) distributions. The High Service group is defined as having the ability to
work 30 years by age 611

2 and the Low Service group is defined as being unable to work
30 years before age 63. The postreform budget constraint discontinuity for the High
Service group is indicated by the solid vertical line. There is no discontinuity for the Low
Service group. This sample includes only retirements through 2000because a later reform,
effective in 2001, also provided incentive to delay retirement to 30 years of service.
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unaffected Low Service group are shown in Fig. 6a and b respectively.
As expected, there is a gap between the pre- and post-reform distri-
butions for the High Service group. The cumulative gap is over 7% of
the population, with most of the shift occurring between 27 and
30 years of service. While the ratio of the fraction of retirements oc-
curring at 30 years of service to the fraction at 29 years of service is
larger in the postreform period, a spike at 30 years of service is not
observed. This is in part because those that have delayed retirement
must accumulate 30 years of service before their retirements will be
observed. For the Low Service group, the prereform and postreform
distributions are similar and reveal teachers have no preference for
retirement at a particular service level; this is in line with their finan-
cial incentives.

4.2. Elasticity of lifetime labor supply

Supported by the visual evidence in Section 4.1 that the teachers
responded to the change in pension financial incentives created by
the reform, I quantify their sensitivity to these incentives in this sec-
tion. As described in Section 3, I use a reduced-form approach to esti-
mate the elasticity of lifetime labor supply using retirement behavior
around budget constraint nonlinearities. The main results focus on
the kink point bunching at age 60 and the change in the return to
work at that age, but I also estimate the elasticity using the post-
reform discontinuity at 30 years of service.

The bunching at age 60 is estimated as the difference between the
number of retirees at the kink in the prereform period and the number
of retirees at age 60 in the postreform period when the budget con-
straint is linear at this age. It is likely that there are some impediments
to retiring exactly at age 60. For example most teachers retire in the
summer, between academic years. To address this a retirement is treat-
ed as a kink retirement if the retirement age iswithin somebandwidth δ
of age 60, R∈[RK−δ,RK+δ). The specific summer-retirement con-
straint is also addressed directly in Section 5. Because the kink occurs
in the age dimension rather than the service dimension, h(S) and SK in
Eq. (4) will be replaced with h(R) and the mean service level at RK
respectively in the empirical estimation. In the modified Eq. (4) the ex-
cess retirements at the kink are estimated as N̂

E ¼ HK Rð Þ−H Rð Þ where
HK(R) and H(R) are the raw cumulative distributions within the speci-
fied bandwidth of age 60 in the pre- and post-reform periods respec-
tively and ĥ Rð Þ ¼ H Rð Þ=2δ. SK is estimated as the average service of



Table 2
Elasticity of lifetime labor supply estimates.

Kink: age 60 Kink: age 60 Kink: age 60 Kink: age 60 Kink: age 60 Discontinuity: service 30

(1) (2) (3) (4) (5) (6)

Kink=60 years+/−3 months Gap=27–30 years

Elasticity 0.0174⁎⁎⁎

(0.0000)
0.0114⁎⁎⁎

(0.0000)
0.0431***
(0.0002)

0.0310⁎⁎⁎

(0.0003)
0.0396⁎⁎⁎

(0.0006)
0.0586⁎⁎⁎

(0.0011)
Kink=60 years+/−6 months Gap=25–30 years

Elasticity 0.0256⁎⁎⁎

(0.0001)
0.0175⁎⁎⁎

(0.0001)
0.0646⁎⁎⁎

(0.0003)
0.0543⁎⁎⁎

(0.0005)
0.0668⁎⁎⁎

(0.0009)
0.0932⁎⁎⁎

(0.0023)
Kink=60 years+/−9 months Gap=b30 years

Elasticity 0.0301⁎⁎⁎

(0.0001)
0.0212⁎⁎⁎

(0.0001)
0.0751⁎⁎⁎

(0.0003)
0.0580⁎⁎⁎

(0.0005)
0.0653⁎⁎⁎

(0.0009)
0.1648⁎⁎⁎

(0.0042)

Sample Systemwide, all Systemwide, High Service Systemwide, Low Service LAUSD, all LAUSD, men only Systemwide, High Service

Notes: Each coefficient is an estimate of the elasticity of lifetime labor supply. Columns (1)–(5) are based on the bunching of retirees at the kink retirement age of 60 in the
prereform period and column (6) is based on the absence of retirements preceding the discontinuity at 30 years of service in the postreform period. Columns (1)–(3) use
retirement observations from the years 1994–97 and 2000–04, columns (4) and (5) use 1997 and 2000–04. Column (6) only includes observations through 2000 (including
1999) due to an additional pension reform in 2001 that changed benefits for retirement at 30 years of service. Bootstrapped standard errors (500 replications) are in parentheses.
***Significant at the 1% level, **significant at the 5% level, and *significant at the 10% level.
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retirees within the specified bandwidth of the kink, and ŵnet
H and ŵnet

L
are the average net wages to either side of the kink within the specified
bandwidth in the prereform period. I exclude years 1998–99 from the
estimation to remove reform-anticipation effects and any response to
wealth shocks. All results are shown for δ values of 0.25, 0.50, and
0.75 years with nonparametric bootstrapped standard errors.

The results for the full population using the systemwide count data
are in column (1) of Table 2 and the estimates using the individual-
level data from the Los Angeles school district are in column (4). Each
column of Table 2 includes three elasticity estimates with each column
corresponding to the indicated data set and sample and each row corre-
sponding to the indicated bandwidth. For both data sets the estimated
elasticity increases as the bandwidth increases, as expected. The results
range from 0.017–0.030 with the systemwide data to 0.031–0.058 with
the LAUSD data. The elasticities are precisely estimated and significantly
different from zero at the 1% level in all cases, but themagnitudes are rel-
atively small. Taken together, these estimates imply that teachers were
willing to extend their working careers by about one year in response
to the pension reform which increased the financial return to working
Table 3
Elasticity of lifetime labor supply estimates — robustness checks.

Kink: age 60 Kink: age 60 Kink: age 61

Summer birthday Counterfactual Counterfact

(1) (2) (3)

Kink=age+/−3 months

Elasticity 0.0236⁎⁎⁎

(0.0004)
0.0257⁎⁎⁎

(0.0001)
0.0042⁎⁎⁎

(0.0000)
Kink=age+/−6 months

Elasticity 0.0437⁎⁎⁎

(0.0007)
0.0563⁎⁎⁎

(0.0001)
0.0092⁎⁎⁎

(0.000)
Kink=age+/−9 months

Elasticity 0.0610⁎⁎⁎

(0.0009)
0.0964⁎⁎⁎

(0.0002)
0.0076⁎⁎⁎

(0.0000)

Data set LAUSD Systemwide Systemwide
Sample All born in summer All High service

Notes: Each coefficient is an estimate of the elasticity of lifetime labor supply. Column (1) is
the years 1997 and 2000–2004. Columns (2)–(4) are non-reform-based elasticity estimates
relative to the estimated counterfactual in the years 1994–97. Columns (3) and (4) show t
respectively. The postreform periods are adjusted for this estimation to allow those that h
is a semiparametric reform-based estimation using the same sample as column (1) of Tab
which used pooled data for the years 1997–2004. Bootstrapped standard errors (500 replic
***Significant at the 1% level, **significant at the 5% level, and *significant at the 10% level.
by 100%. Columns (2) and (3) provide the same estimates for service
subgroups of the teaching population. The estimated elasticities for the
Low Service group are approximately three and a half times those for
the High Service group but are still relatively small, implying less than a
twomonth increase in lifetime labor supply in response to a 10% increase
in the return to working. Although the movement in the retirement dis-
tributions is large, the elasticity estimates are relatively small because
the change in the return to work at the kink is also large.

This estimationmethod assumes that the change in the return towork
at the kink is small. This assumption can be relaxed by imposing a specific
utility function. I use the quasilinear functionU ¼ C− S1þ1=e

1þ1=e� α with elas-
ticity e and taste shifter α. The results are shown in column (5) of Table 3.

There is little demographic information available in the administra-
tive data, but the individual-level data set from LAUSD does include sex.
Column (5) of Table 2 replicates the estimates in column (4) using only
the subsample ofmen, approximately 30% of the population. In contrast
to the usual findings, the results suggest thatmen's labor supply ismild-
ly more elastic than that of the population as a whole. In this context,
the result is consistent with men having better outside options for
.5 Kink: age 63 Kink: age 60 Kink: age 60, 63

ual Counterfactual Semi-parametric MLE

(4) (5) (6)

0.0113⁎⁎⁎

(0.0002)
0.0163⁎⁎⁎

(0.0000)
0.0641***
(0.0079)

0.0194⁎⁎⁎

(0.0003)
0.0241⁎⁎⁎

(0.0001)
0.1282⁎⁎⁎

(0.0115)

0.0358⁎⁎⁎

(0.0003)
0.0280⁎⁎⁎

(0.0001)
0.1730⁎⁎⁎

(0.0140)

Systemwide Systemwide LAUSD
Low service All Low service

the reform-based elasticity estimate at age 60 for individuals with summer birthdays in
. Column (2) shows the elasticity estimate based on the prereform bunching at age 60
he same estimate at each of the postreform kinks for the years 2000–04 and 2002–04
ave delayed retirement in response to the reforms to reach the new kink. Column (5)
le 2 (years 1994–97, 2000–04). Column (6) presents the maximum likelihood results,
ations) are in parentheses.
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10 The evidence of the importance of health insurance coverage in the retirement de-
cision is mixed. Several studies (Blau and Gilleskie, 2001; French and Baily Jones, 2011;
Gruber and Madrian, 1995; Johnson et al., 2003; Rust and Phelan, 1997) find that
health insurance availability increases retirement a moderate to significant amount,
while others (such as Gustman and Steinmeier, 1994) find a much smaller role for
health insurance in explaining retirement behavior. See Currie and Madrian (1999)
for a review.
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work, as individuals can collect their pensions and work outside the
California public school system without penalty.

In the final column of Table 2 are the elasticity estimates using the
discontinuity at 30 years of service, for the affected the High Service
group only. The gap in the retirement distribution just before the dis-
continuity is N̂

G ¼ H Sð Þ−HD Sð Þ where H(S) and HD(S) are the cumula-
tive distributions of retirements for 30−δ years of service in the pre-
and post-reform periods respectively. The labor supply response to
the discontinuity in Eq. (3) is estimated as d̂S ¼ NG=h Sð Þ, where
ĥ Sð Þ ¼ H Sð Þ=δ. The net wage absent the discontinuity is estimated as
the average net wage at 30−dS and ŵD

net is the average return to
work between30−d̂S and SD, including the discontinuity. The elasticity
estimates for the systemwide data High Service group are shown for δ
values of 3 years, 5 years and 30 years. The discontinuity estimates
are larger than the kink estimates and imply that a teacher will work
about 4 additional months for a 10% increase in the financial return to
working. It is especially high considering that only the High Service
group is included in the sample. As discussed in Section 3 this estimate
should be treated as an upper bound, but other factors may contribute
to its higher value. First, the institutional feature of summer retirements
should not affect individuals' ability to delay retirement to exactly
30 years of service. Second, unlike the kink estimate, it does not capture
the response to income effects.

5. Robustness to frictions and unobserved costs

The reform-based lifetime labor supply elasticity estimates in the
previous section were small. This section explores potential frictions
and other unobserved costs associated with retirement in the California
teachers' context that would cause the elasticity to be underestimated.

5.1. Frictions

The first type of friction is an optimization friction that may be cre-
ated by the institutional features of employment as a public school
teacher. Traditionally K-12 schools are in session September–June,
with students advancing to the next grade the following September.
Empirically, over 80% of all teachers retire in the summer months be-
tween sessions. An implicit cost to retiring mid-year is a potential ex-
planation for the breadth of the spike at the kink retirement age of 60
as teachers with birthdays distributed across all months retire in this
short window. While the bandwidth of δ=0.75 should capture all of
the kink bunching in the presence of this friction, I address this issue
directly with the individual-level LAUSD data. I estimate the elasticity
of lifetime labor supply at the kink of age 60 as in Section 4.2 but the
sample is limited to those teachers whose birthdays are during the
summer months and thus should be able to frictionlessly retire at
the exact kink age. The results are in column (1) of Table 3 for band-
widths of 0.25, 0.50, and 0.75 years around age 60, though the larger
δ values are not needed here to address the potential summer retire-
ment friction. The results are on average smaller than those that in-
cluded the full sample in column (4) of Table 2.

The second type of optimization friction is a dynamic friction.
Retirement-age teachers have likely already made some plans regard-
ing their impending retirements and adjusting these plans may be
costly. The persistence of the spike in the retirement distribution at
age 60 following the reform is consistent with such an adjustment
cost. A dynamic friction would mitigate the response to the pension
financial reforms in the short run and cause the excess retirements
at the kink and thus the labor supply elasticity would be understated.

To address this I again estimate the elasticity using the bunching at
the prereform budget constraint kink point, but estimate the excess re-
tirements as the difference between the observed retirement distribu-
tion in the presence of the kink and the estimated counterfactual
distribution for a linear budget constraint. The counterfactual distribu-
tion is estimated from the observed distribution in the presence of the
kinked budget constraint. Following Saez (2010), the excess kink retire-

ments are estimated as N̂
E ¼ HK Rð Þ−H− Rð Þ−Hþ Rð Þwhere HK(R) is the

raw cumulative distribution between RK−δ and RK+δ, H−(R) is the
raw cumulative distribution between RK−2δ and RK−δ, and H+(R) is
the raw cumulative distribution between RK+δ and RK+2δ. The coun-

terfactual density in the modified Eq. (4) is estimated as ĥ Rð Þ ¼
H− Rð Þ þ Hþ Rð Þð Þ=2δ. Looking at the empirical retirement distributions,
it is clear that this estimate will attribute virtually all of the mass at age
60 in the prereform period to a behavioral response to the sharp change
in the financial return to working.

As expected, the elasticity estimates in column (2) of Table 3 are larg-
er (than column (1) of Table 2) but still predict that teachers will in-
crease their labor supply by less than half a year in the long-run in
response to a 10% increase in the financial return to work. In addition,
it appears that it will be some time before the (assumed) equilibrium
postreform distribution of retirements is observed. Fig. 7 shows the
time trend of the raw fraction of CalSTRS retirees that retire within
3 months of age 60 and the estimated excess retirements at this age.
There is a clear decrease in retirements at age 60 when the reforms are
announced and become effective, but the continued decline is much
slower. The counterfactual elasticity estimates assume bunching is zero.

5.2. Health insurance and unobserved costs of work

Potential unobserved costs or financial returns to workmay affect the
elasticity estimates. Health insurance is perhaps themost notable form of
compensation excluded from the preceding modeling and analysis of the
retirement decision. Employer-sponsored health insurance may be
valued by older workers, because it increases access to and reduces the
cost of coverage.10 California teachers' retiree health insurance is not
centralized and although school districts are required to offer continued
coverage there is substantial variation in employer premium support.

Omitted health insurance may cause the elasticity estimate to be
downward biased if district premium support differs for active and



10 K.M. Brown / Journal of Public Economics 98 (2013) 1–14
retired teachers or if premium support increases discontinuously at the
budget constraint kink at age 60. It is not likely that such factors will sub-
stantively change the results in the CalSTRS case. First, on average health
insurance premiums are valued at up to 20% of salary, so even if a district
pays 100% of premiums for active teachers and 0% for retirees the small
elasticity estimates would increase by about 25%.11 However, it is most
common for employers to contribute to premiums until Medicare eligi-
bility at age 65 while only 19% offer no contributions for retirees
(CalSTRS, 2006b), mitigating this effect in the aggregate. Second, evi-
dence from large school districts suggests that premium support is
more commonly tied to years of service in the district rather than retire-
ment age. This is the case in LAUSD, which employs 10% of all teachers.
There is no evidence that the LAUSD service requirements coincide
with age 60 and as shown in Table 2, the elasticity estimates for LAUSD
are larger but not out of line with the estimates from the full state.

Another possible cause of the persistent spike at age 60 after the
reform is that there is an increase in the cost of working at this age. A
retirement age norm of age 60 is perhaps the most plausible example. If
this is the case, the difference in bunching between the prereform and
postreformperiods does accurately represent the response to the pension
reform, but does notmap to the elasticity in a straightforwardway. To ad-
dress this, I estimate the lifetime labor supply elasticity at the postreform
retirement age kinks (ages 611

2 and 63). At these ages there is no excess
density before the reform, suggesting that there is no unobserved change
in the cost (or return) towork at these ages. A reform-based estimation is
not possible at these ages because the budget constraint preceding the
kink has also changed, so I estimate the elasticity using the same counter-
factual method that was used for the estimates in column (2) of Table 3.
The sample period is limited to allow individuals that delayed retire-
ment in response to the reform to reach the new kink ages. The
estimates are in columns (3) and (4) of Table 3. As before, the Low
Service group is more responsive than the High Service group, but the
elasticities are on average smaller than the reform-based estimates.

6. Alternative specifications

The above analysis focuses on estimating the elasticity of lifetime labor
supply using retirement behavior around discontinuities in the lifetime
budget constraint. Here I briefly consider two alternative estimations.
Thefirst takes amore structural approach to estimate the elasticity of life-
time labor supply and the second estimates instead the effect of pension
financial features on the probability of working an additional year.

6.1. Structural estimation

The simple structural estimation explicitly models the full budget
constraint faced by each teacher, including the nonlinearities, to remove
the endogeneity of the netwage that is due to its simultaneous determi-
nation with the retirement age.12 I estimate this model by maximum
likelihood with the pooled pre- and post-reform LAUSD administrative
data set of all teachers that retired in 1997–2004. I restrict the sample to
Low Service teachers, those thatwill not be affected by the discontinuity
in pension accrual at 30 years of service, in order to simplify the struc-
turalmodeling and tominimize the effects ofmeasurement error in ser-
vice. They face a two segment piecewise linear budget constraint with a
kink at age 60 before the reform and at age 63 after the reform. With a
labor supply function of the form lnSi=elnwi

net+εi where εi is the
11 The estimate is a back-of-the-envelope calculation using the average premiums in
the 2006 Health Benefits Survey of Employers (CalSTRS, 2006b).
12 As demonstrated by Burtless and Hausman (1978), Hausman (1985), and Moffitt
(1990), realized labor supply and the financial return to work are simultaneously de-
termined on a kinked budget constraint. Individuals that are observed retiring before
the kink, at a relatively high net wage, must have a low taste for work, while those that
are observed retiring after the kink, when the net wage is relatively low, have a high
taste for work. The unobserved taste parameter is then negatively correlated with
the net wage and will bias the elasticity estimate.
individual taste for work distributed normally with mean με and vari-
ance σε

2 and the elasticity of lifetime labor supply with respect to return
to work is denoted by e, the log likelihood is

logL ¼ ∑
i
si � log ϕ

lnSi−elnwnet
i −με

σε

 !( )

þ∑
i
Ki � log Φ

lnSK;i−elnwnet
L;i −με

σε

 !
−Φ

lnSK;i−elnwnet
H;i−με

σε

 !( )
;

where si is an indicator for retirement on a budget constraint segment
and Ki is an indicator for retirement on a kink.13 The estimated param-
eters are the price elasticity e, με and σε.

With the pooled pre- and post-reform data it is expected that the
elasticity is effectively estimated from reform-based variation in the
net wage, similar to Friedberg (2000). However, it is important to
note that the reform is not otherwise explicitly incorporated in the
estimation strategy, and identifying variation is also coming from the
cross section. The estimates are shown in column (6) of Table 3 for
each of the three kink bandwidths used in the reduced form analysis.
The results range from 0.064 for the 3 month bandwidth to 0.173 for
the 9 month bandwidth. These are 1.5 to 2 times larger than the
reform-based kink estimates for this population (not included in
table). This suggests that even after leveraging the substantial reform-
induced variation, these estimatesmay be upward biased. The direction
of the bias is consistentwith a positive correlation between the taste for
working and wages.

6.2. Probability of working

As a complement to the elasticity estimates in the previous section, I
estimate an additional measure of labor supply— the probability that a
teacher does not retire each period subject to his or her financial return
to working. This allows me to compare the findings of this study to
the recent literature that uses survey data and studies more diverse
populations, a context inwhich budget constraint nonlinearitymethods
are often infeasible.

The empirical specification takes the general form Pr yi;t ¼
�

1 DBPi;t ;Xi;t
�� � ¼ β0 þ DBP′

i;tβ1 þ X′
i;tβ2 þ εi where yi,t takes the value

of one if the individual does not retire in year t and is zero if the individ-
ual retires in year t (which is the last year she is included in the panel
data), DBPi,t are the pension financial variables which include the level
of benefits and the financial return to continued work, and Xi,t includes
other controls, such as age dummies. As seen in Section 3, the 1-year net
wage will only be sufficient to capture the forward-looking financial
return to delaying retirement in the absence of budget constraint dis-
continuities or non-convexities. For this reason, I capture the forward-
looking financial incentive to delay retirement in a flexible way by esti-
mating specifications that include pension wealth accrual over several
time periods and “peak value,” a measure introduced by Coile and
Gruber (2007). The peak value is the difference between the pension
wealth associated with retirement in the current year and the pension
wealth associated with retirement at the future age with the highest
expected pension wealth.

The model is estimated with OLS using the LAUSD data, which in-
cludes active teachers, for academic years 1997–2000 (academic year
t is September t–August t+1). Potential omitted variable bias is
addressed with an instrumental variable approach that exploits the
1999 pension reform and an additional pension reform, effective in
January 2001, that granted an unexpected increase in pension wealth
to those with 30 or more years of service. For each IV specification the
pension variables are instrumented using the unexpected, reform-
induced shock to that variable (Brown and Laschever, 2012). For
13 This is a product of the same utility function as was assumed to estimate the results
in column (5) of Table 3, U ¼ C− S1þ1=e

1þ1=e � α, where α=exp(−η) and e×η=ε.



Table 4
The probability of continued work.

All LAUSD teachers age 55–75 Linear probability model; dependent variable — work an additional year

(1) (2) (3) (4) (5) (6)

Specification OLS 2SLS OLS 2SLS 2SLS 2SLS
Panel A.
Pension wealth −0.021⁎⁎⁎

(0.004)
−0.031⁎⁎⁎

(0.006)
−0.026⁎⁎⁎

(0.003)
−0.030⁎⁎⁎

(0.006)
−0.025⁎⁎⁎

(0.006)
−0.020⁎⁎⁎

(0.006)
Peak value 0.042⁎⁎⁎

(0.007)
0.009
(0.015)

Net wage 0.102⁎⁎⁎

(0.011)
0.043⁎⁎⁎

(0.021)
0.034
(0.022)

0.037⁎

(0.021)
2nd-year pension wealth accrual 0.082⁎⁎⁎

(0.027)
0.083⁎⁎⁎

(0.026)
3rd-year pension wealth accrual 0.028

(0.028)
4th-year pension wealth accrual 0.018

(0.042)
5th-year pension wealth accrual 0.024

(0.035)
R2 0.072 0.071 0.074 0.073 0.075 0.075
Sample size 21,529 21,529 21,529 21,529 21,529 21,529

Panel B. First stage for select pension financial incentives
Unexpected change in pension wealth 1.756⁎⁎⁎

(0.016)
1.392⁎⁎⁎

(0.015)
1.436⁎⁎⁎

(0.015)
1.635⁎⁎⁎

(0.018)
Unexpected change in peak value 0.765⁎⁎⁎

(0.017)
Unexpected change in net wage 0.973⁎⁎⁎

(0.017)
0.964⁎⁎⁎

(0.016)
1.050⁎⁎⁎

(0.016)

Notes: The sample of the LAUSD administrative data includes all teachers that are age 55–75 in each academic year (Sept.–Aug.) 1997–2000. All pension financial measures and
their instruments are measured in one-hundred thousand dollars. In addition to the variables shown, all specifications include integer age indicators, years of service, salary and
year fixed effects. The standard errors, clustered at the individual level, are in parentheses. The F-statistic, adjusted for multiple endogenous variables using Angrist and Pischke
(2008), is greater than 1000 for all endogenous variables in all specifications and the p-value for each test is 0.000. In each specification all pension-related financial variables
(pension wealth, peak value, net wage, and accruals) are instrumented with the corresponding set of financial shocks. Select first-stage coefficients of the effect of the pension fi-
nancial shock on the corresponding financial measure are in columns (2) and (4)–(6) of panel B. The first-stage coefficient of the effect of the unexpected change in the second-year
pension wealth accrual on second-year pension wealth accrual is 0.763*** (0.016) in column (5) and 0.838*** (0.015) in column (6). In column (6), the first stage coefficients of the
effect of the unexpected change in the third-, fourth-, and fifth-year pension wealth accrual on the corresponding pension wealth accrual are 0.941*** (0.026), 0.597*** (0.019), and
0.718*** (0.015) respectively. Additional first-stage results are available in Appendix C. The probit estimates (for the non-IV specifications) are similar.
***Significant at the 1% level, **significant at the 5% level, and *significant at the 10% level.
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example, the instrument for pension wealth is calculated as the pen-
sion wealth of individual i at time t calculated under the postreform
benefit formula minus the pension wealth for individual i at time t
calculated under the prereform benefit formula: PWIVi,t=PWi,t

post−
PWi,t

pre. Individual characteristics that enter the benefit calculation
are held constant, so that the IV is capturing only the change due to
the reform of the pension formula. The instruments take a non-zero
value in the reform years (academic years 1998 and 2000) only.
This instrument is unlikely to be correlated with individuals'
unobserved tastes for work or other retirement-related factors
(after controlling for age and service) because it is determined only
by an unexpected change in pension rules that applied to teachers
in all schools across the state.

The results are presented in Table 4. All specifications include age
and year dummies, years of service, and salary (as part of net wage
in columns (3)–(6)). In all specifications, as expected, a larger pen-
sion wealth is negatively correlated with continued work, while a
greater return to working in future years is positively correlated
with working an additional year. The IV specifications suggest this
is a causal relationship. The magnitudes of the OLS estimates in
the peak value specification (column (1)) are in line with studies
using this estimation method to examine the effect of international So-
cial Security programs on retirement (see Gruber and Wise, 2004).
However, the coefficient on peak value is significantly reduced once
instrumented.14 The remaining results in Table 4 suggest that the
14 I am not aware of another study that has provided a reform-based instrumental
variable estimation with this specification of the pension financial incentives. However
in a similar spirit, Liebman et al. (2009) estimate the labor supply response to the ef-
fective Social Security tax rate by using only the discontinuities in tax rates that are
the product of the Social Security benefit rules.
financial return to work is important in the decision to work an addi-
tional year, but that the return in the next two years is most important.
A back-of-the-envelope calculation of the elasticity of the probability of
retirement with respect to the net wage is 0.29, which falls within
Manoli and Weber's (2011) estimates using Austrian data. That this
labor supply decision is relatively frictionless implies that the associated
elasticity estimatemaywell-represent the long-run response (Chetty et
al., 2011), though it is larger than the long-run kink estimates of the
elasticity of lifetime labor supply reported in Section 5.

7. Discussion and conclusion

I use the nonlinearities of the California teachers' pension coupled
with a pension reform to estimate the elasticity of lifetime labor sup-
ply with respect to the financial return to work. The results suggest
that retirement-eligible individuals will work less than an additional
month in the short-run and less than an additional half year in the
long-run in response to a 10% increase in the financial return to
work. Due to the large size of the budget constraint kink for California
teachers it is possible that the lifetime labor supply elasticity estimate
includes both income and substitution effects. However focusing on be-
havior at the kink minimizes the contamination from income effects,
while the discontinuity estimate further supports a small substitution
elasticity. The small elasticity estimates imply that defined benefit re-
tirement programs do not greatly distort retirement timing and that
the deadweight burden of the programs is smaller than suspected.

This paper also highlights that identification and estimation strategies
based on policy reforms and reduced-form nonlinear budget constraint
methods are complementary. Attention to changes in the nonlinearities
of a pricing schedule provides more precise predictions for individual



Appendix B. Census tabulations

Table B.1
Comparison of California teachers to the California population.

California
teachers

California
workers

All
Californians

Wage income
$0 0.09 0.23 0.43
$1–50 k 0.54 0.55 0.41
$50 k–100 k 0.36 0.17 0.13
$100 k–150 k 0.00 0.03 0.02
Greater than $150 k 0.00 0.02 0.02

Homeownership rates 0.87 0.76 0.74
House value

Less than $500 k 0.76 0.65 0.64
Greater than $500 k 0.25 0.35 0.36

Difficulty working 0.08 0.13 0.15
Fraction female 0.72 0.47 0.52
Marital status

Married 0.69 0.67 0.60
Separated 0.02 0.03 0.03
Divorced 0.18 0.18 0.19
Widowed 0.05 0.05 0.12
Never married/single 0.07 0.07 0.06

Race
White 0.85 0.72 0.70
Black 0.06 0.06 0.06
American Indian or Alaska native 0.00 0.01 0.01
Chinese 0.02 0.03 0.03
Japanese 0.02 0.01 0.01
Other Asian or Pacific Islander 0.02 0.07 0.07
Other or multiple 0.04 0.10 0.11

Weighted observations 151,306 4,094,681 5,516,039
Actual observations 7783 210,899 284,422

Notes: Sample restricted to those age 50–69 (Ruggles et al., 2004).
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behavior following a reform,while reforms providemore information re-
garding individual behavior in the absence of price nonlinearities. In the
California teacher context, the precise predictions for changes in the
retirement distribution also provided an opportunity to verify that the
pension financial incentives were salient and well-understood. This is
beneficial for addressing concerns about financial literacy, tax salience,
or norms, that may confound results in such contexts.

The findings of this research have timely and direct policy implica-
tions. Many teachers' retirement programs are facing large expected
shortfalls. The management of these deficits will not only affect
teachers' retirement security but also education security. Understand-
ing how teachers will respond to the inevitable reforms of their retire-
ment programs is essential to safeguard the financial and human
resources needed to produce a high quality education environment.
Further, although California teachers are a select group, the features of
their pension are similar to those of Social Security, a program that
covers a broader population. Social Security serves as the only defined
benefit plan for a growing number of workers in the United States and
it is both important and salient to this population as coverage is retained
when individuals change jobs. Also like the California teachers' pension,
Social Security has key program ages at which covered workers exhibit
a propensity to retire. Given these strong parallels, the finding that
California teachers' retirement behavior was little affected by a large
pension reform raises concerns about how much of an impact the re-
cent increase in the Social Security “full retirement age” will have on
the labor supply of older workers.
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Appendix A. Calculation of financial variables

Pension wealth for an individual retiring in year t is based on the
service years, age, and salary of the teacher in year t and is calculated
according to the formula

PWi;t ¼
XT
a¼t

πajt
1

1þ r

� �a−t

Ba kt ; St ;w
f
S;t

� �
;

where πa|t is the probability of living to each future year a given having
lived to year t, and was computed from the CDC life tables by age and
sex,15 T is the maximum possible age that can be attained and is as-
sumed to be 100, r is the real interest rate and is assumed to be 0.03.
Pension benefits also increase by 2% of the initial benefit in each retire-
ment year and this is incorporated into the calculation. Salary is not
available for the systemwide data set so wS,t

f is set to one and pension
wealth is a multiple of annual salary. Current-year salary is available
in the LAUSD data and is used as the final compensation,wS,t

f in the cal-
culations. Salary is assumed to grow by 2% per year, but this is only
15 United States Life Tables, 2000. National Vital Statistics Report Volume 51, No. 3.
relevant for calculating the future accruals and the peak value in
Section 6.2. The service used for S is years of CalSTRS-covered service
in the systemwide data set and years of teaching in LAUSD for the
individual-level data set. This measure will understate a teacher's true
pension-relevant service if he or she has worked in another district in
California. For the kink elasticity estimation pension wealth is calculat-
ed at each quarter-age and for the discontinuity estimation pension
wealth is calculated at each half-year of service, both corresponding to
finest bins available in the count data. For the estimations of probability
of working an additional year in Section 6.2, pension wealth is calculat-
ed as of the last day of the academic year. In this case, all financial vari-
ables are adjusted to year 2000 dollars.

The annual net wage is calculated as the sum of salary net of
pension contributions plus pension wealth accrual. It is wnet=
.92wt+(PWt+δ−PWt)/δ where δ is 0.25 for the kink-age esti-
mates, 0.5 for the discontinuity-service estimates, and 1 for the
probability estimates. The remaining pension variables used in
Section 6.2 is calculated as follows. Pension wealth accrual in
any year t is (PWt+1−PWt) and peak value is PWtMax−PWt

� �
,

where tMax is the future retirement date with the highest expected
pension wealth.

Unfortunately, due to the limited nature of the administrative
data, it is not possible to include taxes in the calculation of the return
work.
A greater fraction of California teachers are women than the gen-
eral working population. California teachers are also more likely to
own a house and are less likely to report health-related difficulty
working. These last two factors are likely important in retirement de-
cisions. However, they will work in opposite directions on retirement
age, with real estate wealth enabling an earlier retirement and good
health enabling a longer career.
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Appendix C. First stage for the probability of continued work
Table C.1
First stage estimates for Table 4.

All LAUSD teachers ages 55–75; first stage of linear probability model

Corresponding specification in Table 4 Column 2 Column 4 Column 5

Variable being instrumented Pension wealth Peak value Pension wealth Net wage Pension wealth Net wage 2nd-year accrual
Unexpected change in pension wealth 1.756⁎⁎⁎

(0.016)
−0.002
(0.007)

1.393⁎⁎⁎

(0.015)
−0.020⁎⁎⁎

(0.003)
1.436⁎⁎⁎

(0.015)
−0.014⁎⁎⁎

(0.003)
−0.008⁎⁎⁎

(0.003)
Unexpected change in peak value 0.861⁎⁎⁎

(0.026)
0.765⁎⁎⁎

(0.017)
Unexpected change in net wage 0.193⁎⁎⁎

(0.042)
0.973⁎⁎⁎

(0.017)
0.123⁎⁎⁎

(0.042)
0.964⁎⁎⁎

(0.016)
−0.016⁎⁎

(0.008)
Unexpected change in 2nd-year accrual 0.461⁎⁎⁎

(0.044)
0.064⁎⁎⁎

(0.012)
0.763⁎⁎⁎

(0.016)
Sample size 21,529 21,529 21,529 21,529 21,529 21,529 21,529

Notes: Primary column titles indicate the location of the corresponding second stage results in Table 4 of Section 6.2. For a given specification, each column shows the variable being
instrumented. The coefficients are for the instrument indicated by the row label. The standard errors, clustered at the individual level, are in parentheses.
***Significant at the 1% level, **significant at the 5% level, and *significant at the 10% level.

Table C.2
First stage estimates for Table 4 continued.

All LAUSD teachers ages 55–75; first stage of linear probability model

Corresponding specification in Table 4 Column 6

Variable being instrumented Pension wealth Net wage 2nd-year accrual 3rd-year accrual 4th-year accrual 5th-year accrual
Unexpected change in pension wealth 1.635⁎⁎⁎

(0.018)
0.070⁎⁎⁎

(0.004)
0.053⁎⁎⁎

(0.003)
0.054⁎⁎⁎

(0.004)
0.002
(0.003)

−0.004
(0.003)

Unexpected change in net wage 0.320⁎⁎⁎

(0.044)
1.050⁎⁎⁎

(0.016)
0.043⁎⁎⁎

(0.007)
0.099⁎⁎⁎

(0.008)
0.057⁎⁎⁎

(0.007)
0.045⁎⁎⁎

(0.006)
Unexpected change in 2nd-year accrual 0.680⁎⁎⁎

(0.048)
0.094⁎⁎⁎

(0.011)
0.838⁎⁎⁎

(0.015)
−0.036⁎⁎⁎

(0.009)
0.017⁎⁎

(0.008)
0.040⁎⁎⁎

(0.007)
Unexpected change in 3rd-year accrual 0.188⁎⁎⁎

(0.059)
0.272⁎⁎⁎

(0.013)
0.031⁎⁎⁎

(0.010)
0.941⁎⁎⁎

(0.026)
0.002
(0.011)

0.036⁎⁎⁎

(0.009)
Unexpected change in 4th-year accrual 0.599⁎⁎⁎

(0.062)
0.123⁎⁎⁎

(0.012)
0.200⁎⁎⁎

(0.011)
0.011
(0.012)

0.597⁎⁎⁎

(0.019)
−0.085⁎⁎⁎

(0.010)
Unexpected change in 5th-year accrual 0.654⁎⁎⁎

(0.056)
0.259⁎⁎⁎

(0.011)
0.200⁎⁎⁎

(0.010)
0.316⁎⁎⁎

(0.011)
0.119⁎⁎⁎

(0.019)
0.718⁎⁎⁎

(0.015)
Sample size 21,529 21,529 21,529 21,529 21,529 21,529

***Significant at the 1% level, **significant at the 5% level, and *significant at the 10% level.
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