
However, the econometric application of the piecewise
linear budget constraint method has been called into ques-
tion by the work of MaCurdy et al. (1990). They, and
Pencavel (1986) earlier, showed that the probability of
locating at a convex interior kink is positive—and the log
likelihood is de� ned—only if the estimated coefficients
yield a positive compensated substitution effect. When this

condition was not satis� ed, researchers imposed it by
constraining the income coefficient to be negative. MaCurdy
et al. suggested further that the piecewise linear budget
constraint method automatically imposes a positive compen-
sated effect. Blomquist (1995) explained that this conclusion
is not warranted. The compensated effect may be estimated
to be positive without the researcher imposing it, and

FIGURE 3-A.—EARNINGS DISTRIBUTION, 1980–81 FIGURE 3-B.—EARNINGS DISTRIBUTION, 1980–81

FIGURE 3-C.—EARNINGS DISTRIBUTION, 1984–86 FIGURE 3-D.—EARNINGS DISTRIBUTION, 1984–86

Note: In 1983 the earnings test was eliminated for 70–71 year olds (71–72 year olds in the following March CPS) but was not changed for 62–69 year olds. See Figure 2 note.
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Source: Bernheim et al. (2001), p. 847



Fig 1.—Percentage change in food expenditure, predicted food consumption index, and time spent on food production for male household heads
by three-year age ranges. Data are taken from the pooled 1989–91 and 1994–96 cross sections of the CSFII, excluding the oversample of low-income
households. The sample is restricted to male household heads (1,510 households). All series were normalized by the average levels for household heads
aged 57–59. All subsequent years are the percentage deviations from the age 57–59 levels. See Sec. IV for details of data and derivation of food
consumption index

Source: Aguiar and Hurst (2005), p. 925
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The potential for omitted-variable bias,
though, is more important. For example, with-
out adequate controls for macro shocks, S̃ t

ON

and S̃ t
OFF might appear positively correlated

since a positive macroeconomic shock would
increase payroll and general tax revenue as well
as reduce spending on welfare. Changes in at-
titudes over time toward taxes and government
spending or a change in the tolerance of deficits
could also create the appearance of positive
correlation. For example, Robert Inman (1990
p. 81–82) ties the increasing use of deficits
starting during the late 1960’s and 1970’s to the
“democratization” of Congress: “Within this
new political environment, to get anything
approved often meant approval for every-
thing. ... the congressional budget process looks
much like the individual exploitation of a com-
mon pool resource.” Hence, one must attempt to
control for these other potential determinants
with the control variables, �t. Any control will
be imperfect, and so some positive bias presum-
ably remains. A negative �, though, is more
difficult to explain without reference to political
choices.

B. Data

Although the trust fund was almost depleted
by the early 1980’s, Social Security surpluses
have been a nontrivial share of the govern-
ment’s total surplus since the late 1940’s. The
annual data, therefore, begin in 1949 and end in
the most recent year, 2002. All relevant vari-
ables are converted to 1996 dollars using the
GDP chain-weighted deflator. But, due to eco-
nomic growth, variables closer to 2002 are still
much larger than those closer to 1949. Hence, to
control for heteroscedasticity and to insure
roughly equal weighting, all variables, except
for the time indexes, are divided by the relevant
year’s real potential GDP as constructed by the
Congressional Budget Office (2003).6 The hy-
pothesis that the S̃ t

ON series contains a unit root
can be rejected at the 5-percent significance

level by the augmented Dickey-Fuller test. I
therefore focus on traditional standard errors.

C. Results

Table 1 presents ordinary least-squares re-
sults corresponding to equation (6) with differ-
ent control variables. Robust standard errors are
shown in parentheses.7 In specification 1, where
there are no macroeconomic or time control
variables, � � 0.524. Although this estimate is
not significantly different from zero, one can
conclude that the on-budget and off-budget sur-
pluses did not move in opposite directions in the
past by happenstance. Specifications 2–4 add
controls: actual GDP, time, time squared, and
the wages and salary base. The time variables
help control for changes in attitude over time.
The off-budget revenue is more sensitive to the
salary base, while on-budget revenue also de-
pends on capital income that is more closely
reflected in GDP.

As control variables are added, the value of
� turns negative and becomes statistically

6 The qualitative results were unaffected by this normal-
ization. The results were also robust to normalizing by
actual GDP, but this presents potential endogeneity prob-
lems whereas potential GDP provides a more exogenous
normalization. I am grateful to Alan Auerbach for suggest-
ing this normalization to me.

7 The shown robust standard errors are very similar to
the non-robust; consistently, the White’s test reveals that the
non-robust errors are not heteroscedastic. The null hypoth-
esis of no serial correlation also cannot be rejected using the
Durbin-Watson test, the Breush-Godfrey LM test (with
three lags), or Durbin’s alternative test.

TABLE 1—LEAST-SQUARES REGRESSION WITH (ROBUST)
STANDARD ERRORS, 1949–2002 (DEPENDENT VARIABLE:

MODIFIED PRIMARY ON-BUDGET SURPLUS, S t
ON)

Variable

Specification

1 2 3 4

S t
OFF 0.524 �0.643 �2.292† �2.755†

(0.736) (0.688) (0.877) (0.649)
GDPt 0.449† 0.431† 0.006

(0.094) (0.084) (0.119)
Year (t) �0.0036† �0.0043†

(0.0008) (0.00074)
Year2 (t2) 0.000047† 0.000066†

(0.000012) (0.000011)
Wages and 0.582†

salaries (0.128)
Intercept term �0.019† �0.458† �0.377† �0.256†

(0.002) (0.093) (0.078) (0.077)

R2: 0.01 0.27 0.54 0.69

Notes: Robust standard errors shown in parentheses.
† Statistically significant at the 2-percent level.
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significantly different from zero at the 2-percent
level. With all of the control variables, � �
�2.755. Hence, a $1 increase in off-budget
surpluses is correlated with a $2.76 decrease in
on-budget surpluses. In other words, each trust
fund dollar was actually overspent by $1.76,
increasing public debt.

Smetters (2003) presents a simple game-
theory model consistent with this surprising re-
sult. In short, two political parties with different
fiscal priorities compete for a cheap “ internal”
off-budget dollar. The unique Nash equilibrium
involves both parties attempting to “grab” the
cheap dollar, thereby spending more than a dol-
lar in total. The exact amount of overspending
depends on the parameters. Overspending only
occurs with cheap dollars.

The signs of the other variables are reason-
able. A larger GDP and larger “wages and sal-
aries” increase the on-budget surplus. (These
two variables, however, are highly collinear
and, therefore, only jointly significant.) The
time and time-squared coefficients suggest that
politicians became more comfortable with de-
clining surpluses over time, but at a rate that
was decreasing in magnitude (the positive non-
linear time trend). The results herein are fairly
robust to the selected time period. In particular,
� � �2.446 (significant at the 2-percent level),
even after dropping the Reagan years, 1981–
1988. Other potential control variables includ-
ing the president’s party and whether Congress
and the president were of the same political
party had little effect on the results. Smetters
(2003) shows that all the key results reported
herein are also robust to various estimation
strategies including the median regression
model and the GARCH specification.

IV. Johnson’s Commission on Budget Concepts

When President Lyndon B. Johnson’s Com-
mission on Budget Concepts released its report
in 1967, it argued for drawing the primary focus
of the nation’s budget onto the unified surplus
measure (President’s Commission on Budget
Concepts, 1969). The Commission’s recom-
mendations were first implemented in fiscal-
year 1969, corresponding approximately to
calendar year 1970 herein. One of the potential
problems with the move to a unified measure,
however, is that the public and policymakers

might have failed to distinguish between its
components, allowing Social Security surpluses
to finance other fiscal priorities.

Table 2 reports the potential importance of
the adoption of the unified budget measure. It
breaks the data into two periods: 1949–1969
(pre-Johnson Commission) and 1970–2002 (af-
ter). Notice that the estimate of � for the 1970–
2002 period is negative and significant but the
estimate of � for the 1949–1969 period is not
significantly different from zero. The last row of
this table presents more rigorous evidence of a
structural break between the two periods. A
Wald statistic is constructed corresponding to a
test of equal parameter values between the two
periods. The null hypothesis of equal parame-
ters is rejected at the 0.4-percent significance
level. Similar results were found using the me-
dian regression model and the GARCH model.
These results suggest that the switch to the
unified measure in 1970 might have introduced
a new era in which Social Security surpluses
were used to mask larger amounts of non-Social
Security spending and tax cuts. Prior to 1970,
there appears to be little evidence of such
activity.

V. Conclusions

To be sure, the empirical estimates provided
herein are based on a limited annual time series

TABLE 2—LEAST-SQUARES REGRESSION WITH (ROBUST)
STANDARD ERRORS, DIFFERENT PERIODS (DEPENDENT

VARIABLE: MODIFIED PRIMARY ON-BUDGET SURPLUS, St
ON)

Variable

Period

1949–1969 1970–2002

St
OFF �0.476 �2.83†

(1.413) (0.73)
GDPt 0.208 0.059

(0.157) (0.162)
Year (t) 0.001 �0.003

(0.003) (0.004)
Year2 (t2) �0.00003 0.00005

(0.00009) (0.00004)
Wages and salaries �0.161 0.737†

(0.233) (0.25)
Intercept term �0.133 �0.417†

(0.114) (0.14)

Notes: Standard errors shown in parentheses. Test for struc-
tural break at 1970 (Wald test): P � 0.004.

† Statistically significant at the 2-percent level.
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12 ♦ Annual Statistical Report on the Social Security Disability Insurance Program, 2017

Beneficiaries in Current-Payment Status

Chart 2.
All Social Security disabled beneficiaries in current-payment status, December 1970–2017

The number of disabled beneficiaries has risen from 1,812,786 in 1970 to 10,059,166 in 2017, driven 
predominately by an increase in the number of disabled workers. The number of disabled adult children has 
grown slightly, and the number of disabled widow(er)s has remained fairly level. In December 2017, there were 
8,695,475 disabled workers; 1,105,405 disabled adult children; and 258,286 disabled widow(er)s receiving 
disability benefits.

SOURCE: Table 3.
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14 ♦ Annual Statistical Report on the Social Security Disability Insurance Program, 2010

Beneficiaries in Current-Payment Status

Chart 4.
Age of disabled-worker beneficiaries in current-payment status, by sex, December 2010

The percentage of disabled-worker beneficiaries increases with age for both men and women. In December 
2010, the largest percentage of disabled-worker beneficiaries was aged 60–64. Disability benefits convert to 
retirement benefits when the worker reaches full retirement age, 65–67, depending on the year of birth.
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NOTE: FRA = full retirement age.

Source: SSA DI annual report
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Benefits Awarded, Withheld, and Terminated

Chart 8.
Social Security disability awards, 1980–2010

The total number of awards decreased from 1980 through 1982, started to rise in 1983, and began to increase 
more rapidly in 1990. Awards for disabled-worker benefits have been most pronounced and drive the overall pat-
tern shown in the total line. They increased from a low of 297,131 in 1982 to 636,637 in 1992, were relatively flat 
from 1992 through 2000, and started to increase again in 2001. There were 1,026,988 worker awards in 2010. 
Other awards have risen at a much slower rate. Awards to disabled adult children have gradually increased from 
33,470 in 1980 to 81,681 in 2010. Awards to disabled widow(er)s have risen from just over 16,000 in 1980 to 
33,259 in 2010.

SOURCE: Table 35.
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Annual Statistical Report on the Social Security Disability Insurance Program, 2010 ♦ 93

Benefits Awarded, Withheld, and Terminated

Chart 10.
Disabled-worker awards, by selected diagnostic group, 2010

In 2010, 1,026,988 disabled workers were awarded benefits. Among those awardees, the most common impair-
ment was diseases of the musculoskeletal system and connective tissue (32.5 percent), followed by mental dis-
orders (21.4 percent), circulatory problems (10.2 percent), neoplasms (9.0 percent), and diseases of the nervous 
system and sense organs (8.2 percent). The remaining 18.7 percent of awardees had other impairments.

SOURCE: Table 37. 
 
a. Data for individual mental disorder diagnostic groups are shown separately in the pie chart below.
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1811maestas et al.: causal effects of disability insurance receiptVol. 103 no. 5

length of the unit interval: 0.02 to 1. However, only a few examiners have such 
extreme allowance rates: the first and ninety-ninth percentiles of EXALLOW are 
0.17 and 0.64, respectively.38 Figure 3 presents smoothed histograms at the exam-
iner level of examiners’ deviations from the mean initial allowance rate in their 
DDS office, unadjusted and regression-adjusted for differences in case mix. Case 
controls include the fraction of cases in each of nine age bands, 14 body system 
codes, alleged terminal illness, three-digit zip code, and decision month, as well as 
a variable measuring average prior earnings of the set of applicants assigned to a 
given examiner. Adjusting for case mix reduces variation in initial allowance rates, 
but there is still significant variation remaining (the standard deviation is 0.06, com-
pared with 0.10 unadjusted).

Two key assumptions underlie our empirical strategy. First, in order for EXALLOW 
to be a valid instrument for SSDI receipt, applicants’ assignment to DDS exam-
iners must be uncorrelated with unobserved characteristics such as impairment 
severity conditional on observed characteristics. This amounts to an assumption of 
 conditional random assignment to DDS examiner within a DDS. That is, at most, 
examiners may specialize in a particular type of impairment (e.g., mental disor-
ders) or age group, but within this type, examiners do not further specialize in cases 
of either low or high severity. As discussed previously, applicants are assigned to 

38 Despite the fact that we condition on examiners with caseloads of 30 or more, one might be concerned that 
examiners with relatively few observations will tend to have very high or very low allowance rates because they are 
noisier. We explored this possibility by applying a Bayesian “shrinkage” estimator to EXALLOW (see, e.g., Kane 
and Staiger 2008) and estimating our results using this “corrected” instrument. The new instrument had a range 
of 0.14 to 0.75. Both the first and second stage (labor supply) estimates were slightly higher using this alternative 
instrument, but not significantly so, and the patterns in the coefficients remained the same.
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Figure 3. Distribution of Examiner Deviations 
 from DDS Mean Initial Allowance Rate

Note: Caseload characteristics include DDS office, age, preonset earnings, body code, three-
digit zip code, terminal illness diagnosis, and decision month.

Source: 2005–2006 DIODS data.
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for stratification of examiners across DDS offices. We display t-statistics in paren-
theses, where robust standard errors are computed and clustered by DDS examiner. 
Column 1 shows the first-stage coefficient on EXALLOW from a regression with no 
additional covariates. In both years, a 10 percentage point increase in initial exam-
iner allowance rate leads to an approximately 3 percentage point increase in the 
probability of ultimately receiving SSDI.

Adding covariates sequentially to the regression allows us to indirectly test for 
random assignment on the basis of observable characteristics because only covari-
ates that are correlated with EXALLOW will affect the estimated coefficient on 
EXALLOW when included. Based on our interviews with DDS managers (see 
Section I), we expect the additions of the body system and terminal illness indica-
tors to potentially affect the coefficient on EXALLOW, since they are case assign-
ment variables, but no other variables should affect the coefficient. The coefficient 
on EXALLOW falls from 0.29 to 0.24 with the addition of body system codes and 
is not significantly affected by the addition of any other variables, including the 
TERI flag. Thus, our results are consistent with random assignment of applicants 
to examiners within DDS office, conditional on body system code and alleged ter-
minal illness.40

40 We also experimented with a different measure of initial allowance rate to test the implication of the monoto-
nicity assumption that generic allowance rates can be used to instrument for any type of case. For this measure, we 
constructed the initial allowance rate leaving out all cases with the same body system code as the applicant (instead 
of just the applicant’s own case). Table A1 in the online Appendix presents these results. For all impairments but one 
(“special/other” cases, around 4 percent of the sample), this alternative measure of EXALLOW is positively and sig-
nificantly associated with increased SSDI receipt. (We replicated our analysis of labor supply effects dropping this 
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Figure 4. SSDI Receipt and Labor Supply by Initial Allowance Rate

Notes: Ninety-five percent confidence intervals shown with dashed lines. Employment measured in the second year 
after the initial decision. Bandwidth is 0.116 for DI and 0.130 for labor force participation.

Source: DIODS data for 2005 and 2006.
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the predicted probability of SSDI receipt. Specifically, we regress initial allowance 
decisions on indicators for type of impairment, age group, decision month, and 
DDS, as well as a measure of average prior earnings, and construct the residual, Z, 
which by construction is orthogonal to the case mix controls and varies systemati-
cally only with EXALLOW. Then we estimate a probit of ultimate SSDI receipt on 
the residualized Z. This is our measure of the predicted probability of SSDI receipt, 
P(Z ). Next we estimate a local quadratic regression of employment on predicted 
SSDI receipt and compute the numerical derivative of this function to estimate 
∂E[ y]/∂P(Z ).

Figure 7 shows the MTE as a function of unobserved severity, where severity is 
reverse ordered and measured in percentiles (see definition of u in Section IVA), 
along with boot-strapped 95 percent confidence intervals. Applicants on the margin 
for an examiner with a predicted SSDI receipt rate of 65 percent (the mean rate) 
are in the sixty-fifth percentile of the unobserved (reverse) severity distribution. 
That is, they have an impairment that is less severe than 65 percent of applicants, 
and more severe than 35 percent of applicants. Since we estimate that 57 percent of 
applicants are always takers (that is, they would receive SSDI benefits regardless of 
initial examiner assignment), the MTE is not identified for applicants on the margin 
of SSDI receipt rates less than 57 percent. Similarly, the MTE is not identified for 
applicants on the margin of SSDI receipt rates greater than 80 percent (= 57 + 23, 
the fraction of marginal applicants). As a result, we are only able to trace the MTE 
for applicants between the fifty-seventh and eightieth percentiles of the unobserved 
(reverse) severity distribution (or the twentieth to forty-third percentiles of the 
actual unobserved severity distribution s). The estimates become imprecise at the 
more extreme ends of the distribution since there are relatively small numbers of 
examiners with margins at these points.
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Figure 7. Marginal Treatment Effect on Employment

Notes: Ninety-five percent confidence intervals shown with dashed lines. Bandwidth is 0.084.

Source: DIODS data for 2005 and 2006.
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Fig.	  1.	  Early	  Re.rement	  Ages	  by	  Pension	  Type	  

A.	  Men	   B.	  Women	  

Notes:	  The	  ver.cal	  lines	  mark	  the	  beginning	  of	  changes	  implemented	  under	  the	  2000	  and	  2004	  pension	  reforms.	  	  

Source: Manoli and Weber '13



Fig.	  2.	  Pre-‐Reform	  Pension	  Claims	  &	  Job	  Exits	  

A.	  Men	   B.	  Women	  

Notes:	  For	  compu.ng	  the	  survival	  curves,	  the	  sample	  is	  restricted	  to	  pre-‐reform	  birth	  cohorts	  (1930	  through	  1939	  for	  men	  and	  1935	  
through	  1944	  for	  women)	  and	  also	  to	  individuals	  for	  whom	  a	  claim	  is	  observed	  prior	  to	  age	  70.	  See	  Table	  1	  for	  the	  full	  sample	  
restric.ons.	  
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Fig. 5A. Men’s Claiming Ages & Exit Ages by Cohort 

Source: Manoli and Weber '13
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Fig. 5A. Men’s Claiming Ages & Exit Ages by Cohort 
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Notes:	  Each	  figure	  plots	  the	  frac.on	  individuals	  s.ll	  in	  the	  labor	  market	  who	  claim	  pensions	  or	  exit	  jobs	  by	  birth	  cohort.	  Women	  with	  40	  or	  
more	  contribu.on	  years	  and	  men	  with	  45	  or	  more	  contribu.on	  years	  are	  exempt	  from	  the	  increases	  in	  the	  Early	  Re.rement	  Ages	  and	  can	  
con.nue	  to	  re.re	  at	  ages	  55	  and	  60	  respec.vely.	  The	  sample	  is	  restricted	  to	  men	  ages	  59	  through	  62	  in	  birth	  cohorts	  1939	  through	  1947	  
and	  women	  ages	  54	  through	  57.75	  in	  birth	  cohorts	  1944	  through	  1952.	  Observa.ons	  are	  censored	  at	  the	  Early	  Re.rement	  Age	  specified	  
for	  each	  individual.	  	  

Fig.	  9.	  Claiming	  &	  Exi.ng	  by	  Birth	  Cohort	  &	  Contribu.on	  Years,	  Men	  
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Fig.	  9.	  Claiming	  &	  Exi.ng	  by	  Birth	  Cohort	  &	  Contribu.on	  Years,	  Women	  

Notes:	  Each	  figure	  plots	  the	  frac.on	  individuals	  s.ll	  in	  the	  labor	  market	  who	  claim	  pensions	  or	  exit	  jobs	  by	  birth	  cohort.	  Women	  with	  40	  or	  
more	  contribu.on	  years	  and	  men	  with	  45	  or	  more	  contribu.on	  years	  are	  exempt	  from	  the	  increases	  in	  the	  Early	  Re.rement	  Ages	  and	  can	  
con.nue	  to	  re.re	  at	  ages	  55	  and	  60	  respec.vely.	  The	  sample	  is	  restricted	  to	  men	  ages	  59	  through	  62	  in	  birth	  cohorts	  1939	  through	  1947	  
and	  women	  ages	  54	  through	  57.75	  in	  birth	  cohorts	  1944	  through	  1952.	  Observa.ons	  are	  censored	  at	  the	  Early	  Re.rement	  Age	  specified	  
for	  each	  individual.	  	  
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Fig. 1. Payment Amounts based on Tenure at Retirement

Notes: There are two forms of government-mandated retirement benefits in Austria: (1) government-provided pension benefits and (2) employer-provided 
severance payments. The employer-provided severance payments are made to private sector employees who have accumulated sufficient years of tenure by the 
time of their retirement. Tenure is defined as uninterrupted employment time with a given employer and retirement is based on claiming a government-provided 
pension. The payments must be made within 4 weeks of claiming a pension according to the following schedule. If an employee has accumulated at least 10 years 
of tenure with her employer by the time of retirement, the employer must pay one third of the worker's last year's salary. This fraction increases from one third to 
one half, three quarters and one at 15, 20 and 25 years of tenure respectively. Since payments are based on an employee's salary, overtime compensation and 
other non-salary payments are not included when determining the amounts of the payments. Provisions to make these payments come from funds that employers 
are mandated to hold based on the total number of employees. Severance payments are also made to individuals who are involuntarily separated (i.e. laid off) 
from their firms if the individuals have accumulated sufficient years of tenure prior to the separation. The only voluntary separation that leads to a severance 
payment, however, is retirement. Employment protection rules hinder firms from strategically laying off workers to avoid severance payments and there is no 
evidence on an increased frequency of layoffs before the severance pay thresholds. 

Source: Manoli and Weber NBER'11
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Fig. 3. Distribution of  Tenure at Retirement, Full Sample

Notes: This figure plots the distribution of tenure at retirement at a monthly frequency. Each point captures the number of 
people that retire with tenure greater than the lower number of months, but less than the higher number of months. Tenure at 
retirement is computed using observed job starting and job ending dates. Since firm-level tenure is only recorded beginning in 
January 1972, we restrict the sample to individuals with uncensored tenure at retirement (i.e. job starting after January 1972).

 
Source: Manoli and Weber NBER'11
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Fig. 6. Tenure at Retirement by Health Status

Healthy

Unhealthy

Notes: Health status is measured based on the fraction of time between age 54 and retirement that is spent on sick leave. An 
individual is classified as unhealthy if his health status is below the median level. The median health status is computed within 
the sample of individuals with positive sick leave and uncensored tenure at retirement.; this median health status is 0.076.
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Figure E.6: Adjustment Across Ages: Histograms of Earnings and Normalized Excess Mass,
59-73-year-olds Claiming OASI by Age 65, 2000-2006

Panel A: Earnings histograms, by age

Panel B: Normalized excess mass, by age

See notes to Figure 2. The figure differs from Figure 2 only because the years examined are 2000-2006

(whereas in Figure 2 the years examined are 1990-1999). As explained in the main text, the NRA slowly rose

from 65 for cohorts that reached age 62 during this period; the results are extremely similar when the sample

is restricted to those who claimed by 66, instead of 65. In the year of attaining NRA, the AET applies for

months prior to such attainment.

66

Source: Gelber, Jones, Sacks (2013)
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Figure 6. Possible effects of disability on prime-age male labour force 
participation 

 

Source:	Black,	Furman,	Rackstraw,	Rao	(2016)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
Figure 1. Prime-age male labour force participation rate 

 

Source:	Black,	Furman,	Rackstraw,	Rao	(2016)	



There was a pause in midlife mortality decline in the 1960s,
largely explicable by historical patterns of smoking (13). Otherwise,
the post-1999 episode in midlife mortality in the United States is both
historically and geographically unique, at least since 1950. The turn-
around is not a simple cohort effect; Americans born between 1945
and 1965 did not have particularly high mortality rates before midlife.
Fig. 2 presents the three causes of death that account for the

mortality reversal among white non-Hispanics, namely suicide, drug
and alcohol poisoning (accidental and intent undetermined), and
chronic liver diseases and cirrhosis. All three increased year-on-year
after 1998. Midlife increases in suicides and drug poisonings have
been previously noted (14–16). However, that these upward trends
were persistent and large enough to drive up all-cause midlife mor-
tality has, to our knowledge, been overlooked. For context, Fig. 2 also
presents mortality from lung cancer and diabetes. The obesity epi-
demic has (rightly) made diabetes a major concern for midlife
Americans; yet, in recent history, death from diabetes has not been
an increasing threat. Poisonings overtook lung cancer as a cause of
death in 2011 in this age group; suicide appears poised to do so.
Table 1 shows changes in mortality rates from 1999 to 2013 for

white non-Hispanic men and women ages 45–54 and, for com-
parison, changes for black non-Hispanics and for Hispanics. The
table also presents changes in mortality rates for white non-His-
panics by three broad education groups: those with a high school
degree or less (37% of this subpopulation over this period), those
with some college, but no bachelor’s (BA) degree (31%), and those
with a BA or more (32%). The fraction of 45- to 54-y-olds in the
three education groups was stable over this period. Each cell shows
the change in the mortality rate from 1999 to 2013, as well as its
level (deaths per 100,000) in 2013.
Over the 15-y period, midlife all-cause mortality fell by more

than 200 per 100,000 for black non-Hispanics, and by more than
60 per 100,000 for Hispanics. By contrast, white non-Hispanic
mortality rose by 34 per 100,000. The ratio of black non-Hispanic
to white non-Hispanic mortality rates for ages 45–54 fell from

2.09 in 1999 to 1.40 in 2013. CDC reports have highlighted the
narrowing of the black−white gap in life expectancy (12). How-
ever, for ages 45–54, the narrowing of the mortality rate ratio in
this period was largely driven by increased white mortality; if
white non-Hispanic mortality had continued to decline at 1.8%
per year, the ratio in 2013 would have been 1.97. The role played
by changing white mortality rates in the narrowing of the black
−white life expectancy gap (2003−2008) has been previously
noted (17). It is far from clear that progress in black longevity
should be benchmarked against US whites.
The change in all-cause mortality for white non-Hispanics 45–54 is

largely accounted for by an increasing death rate from external
causes, mostly increases in drug and alcohol poisonings and in sui-
cide. (Patterns are similar for men and women when analyzed sep-
arately.) In contrast to earlier years, drug overdoses were not
concentrated among minorities. In 1999, poisoning mortality for ages
45–54 was 10.2 per 100,000 higher for black non-Hispanics than
white non-Hispanics; by 2013, poisoning mortality was 8.4 per
100,000 higher for whites. Death from cirrhosis and chronic liver
diseases fell for blacks and rose for whites. After 2006, death rates
from alcohol- and drug-induced causes for white non-Hispanics
exceeded those for black non-Hispanics; in 2013, rates for white non-
Hispanic exceeded those for black non-Hispanics by 19 per 100,000.
The three numbered rows of Table 1 show that the turnaround

in mortality for white non-Hispanics was driven primarily by in-
creasing death rates for those with a high school degree or less.
All-cause mortality for this group increased by 134 per 100,000
between 1999 and 2013. Those with college education less than a
BA saw little change in all-cause mortality over this period; those
with a BA or more education saw death rates fall by 57 per
100,000. Although all three educational groups saw increases in
mortality from suicide and poisonings, and an overall increase in
external cause mortality, increases were largest for those with the
least education. The mortality rate from poisonings rose more
than fourfold for this group, from 13.7 to 58.0, and mortality from
chronic liver diseases and cirrhosis rose by 50%. The final two
rows of the table show increasing educational gradients from 1999
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Fig. 1. All-cause mortality, ages 45–54 for US White non-Hispanics (USW),
US Hispanics (USH), and six comparison countries: France (FRA), Germany
(GER), the United Kingdom (UK), Canada (CAN), Australia (AUS), and Swe-
den (SWE).

poisonings

lung cancer

suicides

chronic liver diseases

diabetes

10
15

20
25

30
de

at
hs

 p
er

 1
00

,0
00

2000 2005 2010 2015
year

Fig. 2. Mortality by cause, white non-Hispanics ages 45–54.
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Figure 2.2: Employment of those aged 60–64
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Source: Blundell, French, and Tetlow (2017)



Figure 2.2: Employment of those aged 60–64

0

20

40

60

80

E
m

pl
oy

m
en

t (
%

)

1960 1970 1980 1990 2000 2010 2020
Year

Men - Anglo-Saxon, Scandinavia & Japan

0

20

40

60

80

E
m

pl
oy

m
en

t (
%

)

1960 1970 1980 1990 2000 2010 2020
Year

Women - Anglo-Saxon, Scandinavia & Japan

United Kingdom United States Australia

Canada Denmark Japan

New Zealand Sweden

0

20

40

60

80

E
m

pl
oy

m
en

t (
%

)

1960 1970 1980 1990 2000 2010 2020
Year

Men - Rest of Europe

0

20

40

60

80

E
m

pl
oy

m
en

t (
%

)

1960 1970 1980 1990 2000 2010 2020
Year

Women - Rest of Europe

Belgium France Germany

Italy Netherlands Spain

Source: As Figure 2.1.

8

 
 
Source: Blundell, French, and Tetlow (2017)



Figure 2.3: Employment of those aged 65–69
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Figure 2.7: Life expectancy of men at age 65 in the UK and the US

Source: UK data from the Office for National Statistics. US data from the Human Mortality Database.

When the pension age was set at 65 in the UK, in 1925, life expectancy for men at that

age was 11.2 years (as Figure 2.7 shows). This figure had changed little over the preceding 80

years. However, over the following 90 years (and particularly after 1960), it was to increase

rapidly, reaching 18.9 years by 2012. This, coupled with the sharp fall in employment rates of

older men described in section 2.2.1, led to a rapid expansion of the period spent in ‘retirement’.

The same coincidence of rising life expectancy and falling employment rates led to similar

expansions in the prevalence and length of retirement across most developed countries after the

Second World War. Most people in developed countries now expect to have a period of leisure

at the end of their lives, with the date of their exit from employment determined not only by

declining productivity and capacity to work but also by other factors such as their access to

publicly and privately provided pensions.

15

 
 
Source: Blundell, French, and Tetlow (2017)



Figure 2.6: Employment rate of men aged 65+ in the UK and the US

Source: Data for the UK from Matthews et al. (1982) and the Labour Force Survey. Data for the US from Moen
(1987) and OECD.

at 70.

The same eligibility age was adopted by the British, in 1909, when they too introduced an

old age pension. For those who were reaching pension age in the UK system’s first year of

operation, life expectancy at birth had been just 40 years for men and 43 years for women.

Only one-in-four of those born in 1838 in the UK would actually have been alive to receive a

pension.2

It was only somewhat later that pension eligibility ages were reduced to 65, which subse-

quently became widely accepted as an appropriate age to retire in many countries. The pension

eligibility age was reduced to 65 in 1916 in Germany and in 1925 in the UK, and it was 65

from the inception of Social Security in 1935 in the US.3

2In contrast, over four-in-five of the men born in 1943 and the women born in 1948 (who reached the eligibility
age for public pensions in 2008) were still alive. Source: Department for Work and Pensions (2008).

3Age 65 had also been used by the Pensions Bureau in the US as the age of pension eligibility for Union army
veterans from 1890 onwards (Costa, 1998).

14

 
 
Source: Blundell, French, and Tetlow (2017)
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effects cannot readily be separated.” Our paper helps to fill this gap, complement-
ing a small set of papers that examine income effects in other disability  contexts. 
Autor and Duggan (2007) and Autor et al. (2016) examine an income effect of 
changing access to Veterans’ Administration (VA) compensation for Vietnam War 
veterans on labor force participation, employment, and earnings.5 Marie and Vall 
Castello (2012) and Bruich (2014) study the income effect of DI benefits in Spain 
and Denmark, respectively. Finally, Deshpande (2016) studies the effect of chil-
dren’s SSI payments on parents’ earnings. All of these studies find evidence consis-
tent with substantial income effects in these other contexts.6 Our paper is the first 
to estimate an income effect specifically in the context of DI in the United States, 
which is the largest US federal expenditure on the disabled and one of the largest 
social insurance programs in the United States and around the world.7

The remainder of the paper proceeds as follows. Section I describes the policy 
environment. Section II explains our identification strategy. Section III describes the 
data. Section IV shows our analysis of income effects. Section V discusses evidence 
on the extent to which income or substitution effects underlie earnings effects of 
DI by comparing our results to other literature. Section VI concludes. The online 
Appendix contains additional results.

5 Both studies estimate the reduced-form effects of receiving VA Disability Compensation. Autor et al. (2016, 3) 
conclude that “the effects that we estimate are unlikely to be driven solely by income effects.” 

6 In the context of US Civil War veterans, Costa (1995) finds large income effects of pensions on labor supply. 
7 Low and Pistaferri (2015) estimate many parameters simultaneously, including parameters of the work 

decision. 
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Figure 1. Primary Insurance Amount as a Function of Average Indexed Monthly Earnings

notes: The figure shows the primary insurance amount (PIA) as a function of average indexed monthly earnings 
(AIME) in 2013. The percentages are marginal replacement rates.

Source: SSA (2013)

Source: Gelber et al. AEJ:EP 2017
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the finite-sample corrected Akaike Information Criterion (AICc). Using a baseline 
specification without additional controls, none of the specifications show that   β 2    is 
statistically different from zero at the 5 percent level. Moreover, these regressions are 
rarely statistically significant for any polynomial order. The test that the coefficients 
are jointly significant across outcomes in the AICc-minimizing specifications shows 
p = 0.20 at the upper bend point and p = 0.35 at the lower.

We show in the online Appendix that there is no evidence for “bunching” in the 
density of initial AIME around the convex kink in the budget set created by the 
reduction in the marginal replacement rate around a bend point (since earning an 
extra dollar that increases AIME leads to a greater increase in DI benefits below the 
bend point than above it).19 Consistent with the exposition of the models in online  
Appendix 1, this finding could reflect that future DI claimants do not anticipate or 
understand the DI income they will receive, or that they do not react to the substitu-
tion incentives even when correctly anticipating them.

19 Working more will not lead to higher DI income if earnings are not in the highest earning years used to calculate 
AIME. However, as long as the prevalence of such cases evolves smoothly through the bend point (consistent with 
our data), the substitution effect should still lead to a greater incentive to earn below each bend point than above it. 

Figure 3. Smoothness of Density and Predetermined Covariates around the Upper Bend Point (continued )

notes: The figure shows the density of initial AIME in $50 bins as a function of distance of initial AIME to the 
upper bend point. The number of observations appears smooth through this bend point, with no sharp change in 
slope or level. The upper bend point is where the marginal replacement rate in converting AIME to PIA changes 
from 32 percent to 15 percent. The sample includes DI beneficiaries within $1,500 of the upper bend point (see the 
text for other sample restrictions). The fraction of the sample in each bin is calculated by dividing the number of 
beneficiaries in each bin by the total number of beneficiaries in the sample. The best-fit line is a ninth-order poly-
nomial that parallels the regression presented in Table 2 that minimizes the corrected Akaike Information Criterion 
(AICc). 
Source: The data are from SSA administrative records.
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to  specification and misleading confidence intervals (which if anything applies still 
more in RKD settings; see Ganong and Jäger forthcoming, though note there is 
ongoing econometric discussion of this issue in Card et al. 2014).

Figure 5 shows the extensive margin, i.e., the fraction of the four years with pos-
itive annual earnings. There is an apparent increase in slope around the bend point. 
The regression analysis in Table 3 shows substantial effects in the linear specifica-
tions: a $1,000 increase in annual DI benefits is estimated to decrease the probability 
of reporting positive annual earnings by 1.29 percentage points in the specification 
without controls. As only a modest fraction of the sample has positive earnings in 
any given year, it makes sense that part of the observed earnings response would 
be operating through the extensive margin. Though these estimates remain posi-
tive under the quadratic and cubic specifications, they are smaller and lose statisti-
cal significance.21 In the online Appendix we also show similar patterns when the 
dependent variable is the probability of any employment over the full four years, 
rather than the percent of years with positive earnings (online Appendix Figure A6 
and online Appendix Table A2). We conclude that there is some visual and statistical 
evidence of an employment effect at the upper bend point.22

21 We obtain comparable results under specifications with the log odds of the employment rate as the dependent 
variable. 

22 If DI benefits affect employment, then it is hard to interpret estimates of how DI payments affect earnings 
that are conditional on employment, as the sample is selected on an outcome (i.e., a beneficiary having positive 
earnings). The point estimates suggest insignificant negative impacts of DI benefits on earnings conditional on 
employment. 
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Figure 5. Average Annual Fraction Employed after DI Allowance

notes: The figure shows the mean fraction of years when a beneficiary has positive annual earnings, over the four 
years after going on DI (i.e., the mean yearly employment rate over these four years), in $50 bins, as a function of 
distance from the bend point. The figure shows that the probability of positive earnings appears to slope upward 
more steeply above the upper bend point than below it.

Source: Gelber et al. AEJ:EP 2017
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Table 2—Smoothness of the Densities and Predetermined Covariates

Dependent variable
Polynomial 
minimizing 

AICc
Estimated 

kink

Fraction of statistically  
significant kinks,  
polynomials of  

order 3–12
(1) (2) (3)

Number of observations 9 −0.76 0%
(1.41)

Fraction male (× 1,000) 12 −0.100 0%
(0.097)

Average age when filing for DI (× 1,000) 10 1.27 40%
(1.11)

Fraction black (× 1,000) 12 −0.064 10%
(0.048)

Fraction of hearings allowances (× 1,000) 12 −0.024 0%
(0.087)

Fraction with mental disorders (× 1,000) 12 −0.075 10%
(0.056)

Fraction with musculoskeletal conditions (× 1,000) 12 0.081 0%
(0.086)

Fraction SSI recipients (removed from main sample)  
 (× 1,000)

12 −0.034 0%
(0.059)

notes: The table shows that the density of the assignment variable (i.e., initial AIME) and distributions of prede-
termined covariates are smooth around the upper bend point. We test for a change in slope at the bend point using 
polynomials of order 3 to 12. For each dependent variable, the table shows: the polynomial order that minimizes 
the corrected Akaike Information Criterion (AICc) (column 1), the estimated change in slope at the bend point and 
standard error under the AICc-minimizing polynomial order (column 2), and the percent of estimates of the change 
in slope that are statistically significant at the 5 percent level (column 3). Before running the regression, we take bin 
means of variables in bins of $50 width around the bend point, so each regression has 60 observations. See other 
notes to Table 1.

Figure 4. Average Monthly Earnings after DI Allowance

notes: The figure shows mean monthly earnings in the first four years after going on DI, in $50 bins, as a function 
of distance of AIME from the bend point, where AIME is measured when applying for DI. The figure shows that 
mean earnings slope upward more steeply above the upper bend point than below it, with fitted lines that lie close 
to the data.
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Figure 3. Annual Percent Mortality Rates around the Bend Points 
A: Lower bend point 

 
B: Family maximum bend point 

 
C: Upper bend point 

 
Notes: The figure shows the mean annual mortality rate in percent in the first four years after going on DI, in $50 
bins, as a function of distance of AIME from the bend point. The figure shows that, at the lower and family 
maximum bend points, the mortality rate slopes upward more steeply above the bend point than below it, with fitted 
lines that lie close to the data.   
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Figure 1: Job Exit Age Distribution (Full Sample)

Fraction of job exits
at statutory age: 29%

0
25

00
00

50
00

00
75

00
00

10
00

00
0

co
un

t

55 56 57 58 59 60 61 62 63 64 65 66 67
job exit age

Note: This figure shows the pooled distribution of job exit ages for all workers born between 1933 and 1948. The connected
dots show the count of job exits within monthly bins. Vertical red lines indicate the location of main statutory ages throughout
the sample period.
Data source: FDZ-RV - Themenfile SUFRTZN1992-2014XVSBB_Seibold
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Figure 2: Stylized Lifetime Budget Constraint
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Note: The figure shows a stylized lifetime budget constraint for a worker who faces an Early Retirement Age of 60, a Full
Retirement Age of 63 and an Normal Retirement Age of 65, who becomes eligible for a pathway requiring 35 years of
contributions at age 58. The slope of the BC is the implicit net wage defined as wnet

i = (1 − τi)wi as shown in section 2.3.
The stylized shape of the constraint corresponds to incentives faced by the average worker: On average, workers face a 32%
reduction in the implicit net wage (“kink size”) at age 60, a 42% reduction at age 63%, and a 21% increase in the implicit net
wage at age 65.
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Figure 4: Bunching at Specific Discontinuities

Panel A: Statutory age vs. pure financial incentive notch
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Panel B: Statutory age vs. pure financial incentive kink
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Note: This figure shows bunching at some cases of specific discontinuities. Panel titles indicate the type of discontinuity and
panel subtitles indicate pathways and birth cohorts used. In panels A1, B1 and B2, the connected black dots show counts of job
exit ages in monthly bins for the group indicated by the respective panel title. In panel A2, the black dots show counts of years
of contributions instead. In all panels, the red line shows the counterfactual distribution estimated as a 7th-order polynomial,
including round-age dummies in panels A1 and B1. Vertical red lines indicate the location of the discontinuity. b is the excess
mass, dτ/(1− τ) is the change in the implicit net-of-tax rate at the discontinuity (kink size), and ε is the implied elasticity of
the retirement age w.r.t. the implicit net-of-tax rate. See appendix figure A2 for the lifetime budget constraints of the four
groups.
Data source: FDZ-RV - Themenfile SUFRTZN1992-2014XVSBB_Seibold
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Figure 4: Bunching at Specific Discontinuities

Panel A: Statutory age vs. pure financial incentive notch

ERA
dτ/(1−τ)=0.08 (0.01)
b=12.26 (0.11)

ε=4.45 (0.05)

0
10

00
0

20
00

0
30

00
0

40
00

0
co

un
t

57 58 59 60 61 62 63
job exit age

Women 1945−1946
A1: Early Retirement Age

dτ/(1−τ)=0.38 (0.14)
b=1.32 (0.09)

ε=0.12 (0.01)

0
20

0
40

0
60

0
80

0
10

00
co

un
t

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
years of contributions

notch=0.007 (0.003). Job exit age=60.4 (2.9).

Women 1945−1946
A2: Pure financial incentive notch

Panel B: Statutory age vs. pure financial incentive kink

FRA
dτ/(1−τ)=0.51 (0.07)

b=10.47 (0.12)

ε=0.67 (0.01)

0
50

00
10

00
0

15
00

0
20

00
0

co
un

t

60 61 62 63 64 65
job exit age

Disability 1944−1946
B1: Full Retirement Age

dτ/(1−τ)=0.43 (0.11)
b=0.08 (0.06)

ε=0.006 (0.004)

0
20

00
40

00
60

00
80

00
10

00
0

co
un

t

60 61 62 63 64 65
job exit age

Invalidity 1938−1946
B2: Pure financial incentive kink

Note: This figure shows bunching at some cases of specific discontinuities. Panel titles indicate the type of discontinuity and
panel subtitles indicate pathways and birth cohorts used. In panels A1, B1 and B2, the connected black dots show counts of job
exit ages in monthly bins for the group indicated by the respective panel title. In panel A2, the black dots show counts of years
of contributions instead. In all panels, the red line shows the counterfactual distribution estimated as a 7th-order polynomial,
including round-age dummies in panels A1 and B1. Vertical red lines indicate the location of the discontinuity. b is the excess
mass, dτ/(1− τ) is the change in the implicit net-of-tax rate at the discontinuity (kink size), and ε is the implied elasticity of
the retirement age w.r.t. the implicit net-of-tax rate. See appendix figure A2 for the lifetime budget constraints of the four
groups.
Data source: FDZ-RV - Themenfile SUFRTZN1992-2014XVSBB_Seibold
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Figure 5: Bunching and Financial Incentives
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Panel B: Pure financial incentives

Note: The figure shows binned scatterplots of the excess mass at pure financial incentive discontinuities (panel A) and statutory
ages (panel B) against kink size. In panel B, the type of statutory ages (Early, Full or Normal Retirement Age) controlled for.
Each panel also includes the coefficient from a regression of normalized excess mass b/R̂ on kink size, which can be interpreted
as a difference-in-bunching elasticity, with bootstrapped standard error in parantheses. Appendix figure A3 shows additional
graphs by type of statutory age.
Data sources: FDZ-RV - Themenfile SUFRTZN1992-2014XVSBB_Seibold
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Figure 5: Bunching and Financial Incentives
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Note: The figure shows binned scatterplots of the excess mass at pure financial incentive discontinuities (panel A) and statutory
ages (panel B) against kink size. In panel B, the type of statutory ages (Early, Full or Normal Retirement Age) controlled for.
Each panel also includes the coefficient from a regression of normalized excess mass b/R̂ on kink size, which can be interpreted
as a difference-in-bunching elasticity, with bootstrapped standard error in parantheses. Appendix figure A3 shows additional
graphs by type of statutory age.
Data sources: FDZ-RV - Themenfile SUFRTZN1992-2014XVSBB_Seibold
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Automatic enrollment effect
Automatic enrollment dramatically increases participation. 

401(k) participation by tenure at firm: Company B
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Automatic enrollment effect
Employees enrolled under automatic enrollment cluster at 
the default contribution rate.

Distribution of contribution rates: Company B

3

20
17

37

14
9

1

67

7

14

6 46
9

26
31

18

10

0%

10%

20%

30%

40%

50%

60%

70%

80%

1% 2% 3-5% 6% 7-10% 11-16%

Contribution rate

Fr
ac

tio
n 

of
 p

ar
tic

ip
an

ts

Hired before automatic enrollment  Hired during automatic enrollment (2% default)  
Hired after automatic enrollment ended

Default contribution
rate under automatic
enrollment

Source: Madrian and Shea (2001)



The Flypaper Effect in Individual Investor 
Asset Allocation (Choi Laibson Madrian 2007)Asset Allocation  (Choi, Laibson, Madrian 2007)

Studied a firm that used several different match systems inStudied a firm that used several different match systems in 
their 401(k) plan.  

I’ll discuss two of those regimes today:

Match allocated to employer stock and workers can reallocate
 Call this “default” case (default is employer stock)Call this default  case (default is employer stock)

Match allocated to an asset actively chosen by workers;             
orkers req ired to make an acti e designationworkers required to make an active designation. 

 Call this “no default” case (workers must choose)

E i ll th t t id ti lEconomically, these two systems are identical.
They both allow workers to do whatever the worker wants. 

Source: courtesy of David Laibson



Consequences of the two regimes

Default No
Balances in employer stock

Default 
ES

No 
Default

24% 20%Own Balance in Employer Stock 24% 20%

Matching Balance in Employer Stock 94% 27%g p y

Total Balance in Employer Stock 56% 22%

14

Source: courtesy of David Laibson
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Active decision effect on participation
401(k) participation increases substantially when 
employees are not allowed to be passive about savings.

401(k) participation by tenure: Company E
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Employer match threshold and contribution rates
Changing the match threshold caused employees to slowly 
move from the old threshold to the new threshold.

401(k) contribution rate response to match 
threshold change: Company G
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Figure 10.15. The rise of the social State in Europe, 1870-2015 

Other social spending
Social transfers (family, unemployment, etc.)
Health (health insurance, hospitals, etc.)
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6% 
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Interpretation. In 2015, fiscal revenues represented 47% of national income on average in Western Europe et were used as follows: 10% 
of national income for regalian expenditure (army, police, justice, general administration, basic infrastructure: roads, etc.); 6% for education; 
11% for pensions; 9% for health; 5% for social transfers (other than pensions); 6% for other social spending (housing, etc.). Before 1914, 
regalian expenditure absorbed almost all fiscal revenues. Note. The evolution depicted here is the average of Germany, France, Britain and 
Sweden (see figure 10.14).  Sources and séries: see piketty.pse.ens.fr/ideology.
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Figure 6: Demand Responses to Insurance Prices

(a) Take-Up vs. Price by Risk Ranks
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(b) Take-Up by Actual Risk
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Notes: The figure presents evidence of demand responses to private DI premiums. Panel (a) shows a stylized depiction of jumps in
premiums and take-up rates between risk groups, ranking three-digit occupations by disability risk within risk group. The blue line
shows monthly private DI premiums, which increase discontinuously at the risk group boundaries. The black dots denote average
private DI take-up in risk bins, and the dashed black line shows a linear fit within risk group. Panel (b) shows binned scatter
plots of private DI take-up by disability risk at the three-digit occupation level, corresponding directly to the regression shown in
equation (4).
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Source: Seibold, Seitz, Siegloch (2022), private DI take-up in Germany 



Figure 4: Private DI Take-Up by Observable Characteristics

(a) By Income
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(b) By Education
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(c) By Gender
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(d) By Risk Group
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Notes: The figure shows private DI take-up rates in 2015 by income quintile (Panel a), education quintile (Panel b), gender (Panel
c) and risk group (Panel d). In Panel (b), education is defined as years of schooling. Take-up rates are calculated among all cohorts
as shown in equation (2).
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