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SUMMARY
This paper presents an empirical analysis of how Sweden’s public old age pension system affects the
retirement decision. We focus on male blue-collar workers whose dominant income source as retired comes
from the public old age pension system. We develop a dynamic programming model using the rules for the
public pension system. In addition to the effects of economic incentives through the pension systems the
DP model also measures the effect of the mandatory retirement age of 65—which applies to most parts
of Sweden’s labour market—on retirement behaviour. The estimated model fits within-sample retirement
patterns remarkably well. A simulation of a hypothetical reform, where all retirement incentives in the pension
schemes are delayed by three years, shows that economic incentives affect retirement behaviour. Copyright
 2004 John Wiley & Sons, Ltd.

1. INTRODUCTION AND MOTIVATION

In this paper we develop a dynamic programming model for the retirement decision in Sweden.
Earlier empirical work on retirement in Swedish data has used static structural models, or the
so-called option value model, see e.g. Karlstrom et al. (2003). Theoretically more sound dynamic
programming or life-cycle models, that simultaneously model consumption and labour supply, have
been proposed by, for instance, Rust et al. (2000). One purpose of this paper is to demonstrate that a
simple dynamic programming model can explain the retirement pattern of blue-collar male workers
in Sweden, even with very few estimated parameters. Our model is similar to the one proposed by
Rust et al. (2000). Similar work also includes Heyma (2001), who studies retirement behaviour in
the Netherlands, and Knaus (2002), who calibrates a life-cycle model using German data.

The model is estimated on panel data for a random sample of 4638 male blue-collar workers
born between 1927 and 1940. The retirement behaviour is observed between 1983 and 1997 and
the models are estimated under the rules for the current national old age pension system. The
model is evaluated by means of a simulation experiment. We compare the retirement behaviour
under the current system with the out-of-sample predictions under a hypothetical reform which
delays the eligibility and normal retirement ages as well as the actuarial adjustment for early or
delayed withdrawal by three years.

Although the most common exit from the labour force is through the disability insurance
programme (see Palme and Svensson, 2004), we have excluded those who use this programme
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from our sample. There are two reasons for doing that. First, it simplifies the specification and
estimation of the dynamic programming model since we do not need to consider the rules for
the disability insurance. We also restrict the sample to blue-collar workers, since it limits the
occupational pension plans that need to be considered in the calculations. Second, the empirical
focus will be on the effect on those who retire through the old age pension system. We also limit
the analysis to those who retire after the early retirement age of 60, which is the case for a large
majority of those who finance their retirement through the old age pension system.

We estimate two versions of the model: one version which contains a flexible specification for
changes in preference towards retirement by age and one restricted version where the preferences
are constant over different ages. The models fit observed retirement patterns well. In particular,
the restricted model, considering that it only contains three estimated parameters, predicts the
retirement behaviour remarkably well. The results from the simulation of the hypothetical reform
show that the model predicts that economic incentives do affect retirement behaviour. This result
applies also to the predictions from the unrestricted model. However, the large discrepancy between
the out-of-sample predictions from the restricted and the unrestricted model indicates that labour
market institutions in a broad sense may be important for the retirement decision and/or difficulties
in identifying the effects of economic incentives from labour market institutions.

The rest of the paper is organized as follows. The public old age pension system is briefly
described in Section 2 and the data is presented in Section 3. The dynamic programming model is
developed in Section 4. The results from the estimation and evaluation of the model are presented
in Section 5, and the results from the simulations of the hypothetical reform are reported in
Section 6. Section 7 concludes.

2. SWEDEN’S PUBLIC OLD AGE PENSION SYSTEM

Blue-collar workers in Sweden are covered by two national pension programmes, the basic and
supplementary pension (ATP). Both these programmes have recently been subject to major reforms.
Below we will, however, give a brief description of the pre-reform systems which apply to the
workers in our data set.

All Swedish citizens are entitled to the basic pension, which is unrelated to previous earnings.
As all social insurance programmes in Sweden, the basic pension is indexed by the basic amount
(BA), which follows the CPI very closely. The level of the basic pension is 96% of a BA for a
single pensioner and 78.5% for married. In the year 2003 the level of one BA was 38,600 SEK.1

Individuals with no, or low, ATP are entitled to a special supplement. This supplement is
independent of marital status and has grown from 42% of the BA in 1983 to 55.5% as of 1993.
The special supplement is reduced on a one-to-one basis against the supplementary pension. Thus
a single old age pensioner with only a basic pension and a special supplement receives 151.5%
of the BA.

The normal retirement age for this pension is 65, but it can be claimed from age 60 with
a permanent actuarial reduction of 0.5% for each month of early withdrawal. If the pension is
claimed beginning after age 65, the level is permanently increased by 0.7% for each month of
delayed withdrawal up to age 70.

1 In 2003 the exchange rate was $1 ³ 8.1 SEK.
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The supplementary pension (ATP) is related to the worker’s earnings history and the benefit
is calculated in three steps. The first step involves determining pension-rights income for each
year from the age of 16. Pension-rights income is calculated on the basis of income from labour
reported in an individual’s annual tax return and is the share of the income exceeding 1 BA and
below the social security ceiling at 7.5 BA.2 It is set to zero if annual income from labour does
not exceed 1 BA. Besides earnings and income from self-employment, transfer payments from
social insurance, such as income from sickness and unemployment insurance, the parental cash
benefit and the partial retirement pension are included in pension-rights income. Three years of
pension-rights income greater than zero between the ages of 16 and 64 are required to receive an
old age pension from the ATP scheme.

In the second step, average pension points are calculated by dividing pension-rights income by
the corresponding year’s BA to obtain the pension points for each year. Thus, due to the social
security ceiling at 7.5 BA, the maximum number of pension points an individual may receive in
any given year is 6.5. Average pension points comprise the average of an individual’s 15 best
years of earnings.

The final step is to calculate an individual’s ATP benefit �Yi� by applying the formula

Yi D 0.6 Ð APi Ð min
(

Ni

30
, 1

)
Ð BA

where APi is individual average pension points, BA is the basic amount, and Ni is the number of
years the individual has recorded covered pension right income greater than zero. The average of
pension points is calculated as the average of annual earnings below the social security ceiling of
7.5 BA of the worker’s 15 best years. The normal retirement age for the supplementary pension is
65. The actuarial adjustment for early and delayed withdrawal is the same as for the basic pension.3

3. DATA5

We use the Longitudinal Individual Data (LINDA) panel. LINDA is a pure register sample. It
contains data from Statistic Sweden’s Income and Wealth register, which is a register containing
data from the income tax returns for the entire Swedish population; the Population Census, which
is data primarily on occupation and housing conditions from mailed questionnaires made every five
years to the entire population; and the National Social Insurance Board registers, which contain
data on contributions to the public pension schemes.

The sample size of LINDA is about 300,000 individuals. Detailed income components are
available from 1983. Data on earnings below the social security ceiling are obtained back to 1960
from the pension register.

We have selected men born between 1927 and 1940. We have excluded individuals younger
than age 50. Since, e.g., the youngest cohort, born in 1940, are just 43 years old in 1983, we
exclude the first seven observations for each individual from this cohort. Finally, we restrict the
sample to blue-collar workers. The final sample size in the cross-section is 4638 individuals and

2 The proportional payroll tax used to finance the ATP scheme is also paid on the share of income exceeding 7.5 BA.
3 Both the basic pension and the supplementary pension contain a survivor’s benefit that we do not take into account in
the estimation. For a description of the survivor’s benefit, see Palme and Svensson (2004).
4 For a more detailed description of the data, see Palme and Svensson (2004).
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since the panel structure of the data set allows us to observe each individual more than once, the
total number of observation used in the estimation is 46,734.

4. THE DYNAMIC PROGRAMMING MODEL

4.1. Specification of the Dynamic Programming Model

The individual’s preferences are specified by the single period utility functions Ut�st, dt, �u�,
where st is a vector of state variables at age t, and �u are parameters that are to be estimated, but
known to the individual; dt is the individual’s control variables. In our application, dt D 1 if the
individual retires at age t and zero if the individual continues to work. The individual will make
this choice each year starting from age 50 and can remain in the workforce until age 70. Following
the framework of Rust (1987, 1994) and Rust and Phelan (1997), we partition the state variables
into (x, ε), where x is a vector of state variables observed by both the econometrician and the
individual, and ε is a vector observed only by the individual. We also impose the assumption that
x and ε are conditionally independent, see Rust (1994).

Assuming an additive random utility model, the single period utility functions are given by
Ut D ut�xt, dt, �u� C εt (dt�. In the following we will assume that the unobserved components
εt�dt� are i.i.d. Gumbel distributed. The individual chooses the action that maximizes the lifetime
utility. The value function is given by

Vt�xt, εt, �u� D max
d2D�xt�

[vt�xt, dt, �u� C εt�dt�] �1�

where D�xt� denotes the choice set available to the individual in state xt, and vt is the expected
value function, defined recursively by

vt�xt, dt, �� D ut�xt, dt, �u�

C ztC1ˇ
∫ 

log
∑

dtC12D�xtC1�

exp[vtC1�xtC1, dtC1, ��]pt�dxtC1jxt, dt, �p�


 �2�

where ˇ is the discount factor and ztC1 is the survival probability from age t to t C 1. The person
dies with probability 1 at age 102. The finite horizon DP model is therefore easily solved with
backward recursion, and we assume ut D 0 at t D 102.

Thus, the individual’s behaviour depends on the discount factor ˇ, preferences ut and beliefs
pt, which are specified by parameters � partitioned into ��u, �p�.

Integrating out the unobserved state variables, we arrive at conditional choice probabilities

Pt�dtjxt, �� D exp�vt�xt, dt, ���∑
d02D�xt�

exp�vt�xt, d0, ���
�3�

The conditional choice probability is used to estimate the model and we use maximum likelihood
(ML) as estimation method. As noted in the Introduction, similar models have until recently been
calibrated, rather than estimated. However, recently French (2001) and, for instance, Heyma (2001)
have provided econometric estimates of (full) life-cycle models. French uses GMM as estimation
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method, which will yield statistically efficient and asymptotically identical estimates as ML, when
using optimal weighted moments.5

We will use (partial information) maximum likelihood to estimate the model. Given our panel
decisions di

t for each individual i at age t D T1
i , T1

i C 1, . . . , T2
i , and observed state variables xt,

we form the likelihood function

L�ˇ, �u, �p� D
N∏

iD1

T2
i∏

tDT1
i

Pt�d
i
tjxi

t, �u�pt�x
i
tjxi

t�1, di
t�1, �p� �4�

The beliefs are specified by ptC1�xtC1jxt, �p�. To reduce the computational burden, we will follow
a two-stage estimation procedure (see Rust, 1987 or Rust and Phelan, 1997). In short, we will
estimate �p by defining a first-stage partial likelihood using only pt, and then use these parameters
to estimate the remaining parameters in �u. Although this strategy does not yield fully efficient
estimates, Rust and Phelan (1997) indicate that efficiency loss may be rather small. However,
we have not examined the potential loss of efficiency in this application. Finally, since the log-
likelihood function is not necessarily convex for all parameter values, we have used simulated
annealing to attain the estimates.

Having specified the general structure of the dynamic programming model, we now turn to the
specification of preferences and beliefs.

4.2. State Variables and Beliefs

We have five different state variables xt D �t, wt, apt, rat, m�, where t is the person’s age, wt

is wage earnings, apt is the average pension points, rat is the retirement age and m is the
martial status.6

As indicated above, we will use a two-stage estimation approach. The updating rules of age
and retirement age are trivial, given decisions. We will also simplify our model by assuming that
marital status is known in advance.

Following Rust et al. (2000) we assume that wage earnings follow a stochastic process, and use
a deterministic updating rule for average pension points. The beliefs are decomposed, and we write
the transition probabilities as a product Qpt�aptC1, wtC1jxt� D p1�aptC1japt, wt, t�p2�wtC1jwt, t�.
We will consider these factors in turn.

First, the average pension points, apt, is a key variable in the model. It serves as a ‘sufficient
statistic’ for the income history, allowing us to reduce the dimension of the problem to be solved.
We define apt as m Ð Tmax, where m is the average point according to ATP and Tmax is the
number of years with ATP points, but constrained to a maximum of 30 since, as we explained
in Section 2.1, contributions beyond 30 years do not affect the ATP benefit. In reality, apt is, as
follows from the description in Section 2.1, inherently a deterministic function of past earnings
history. However, as in Rust et al. (2000) and Knaus (2002), it turns out that the average pension
points can be closely modelled by an autoregressive process, i.e.

log �aptC1� D �1 C �2 log �apt� C �3t C �4t
2 C �t �5�

5 Our model is more simple than French’s model in the sense that we only have one control variable and estimation by
maximum likelihood is tractable.
6 Note that retirement status rt is implicitly given by rat and t.
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Table I. Estimation results for wages and aver-
age pension points regression equations

Parameter Point estimate s.e.

Average pension points
�0 �0.2446 0.0303
�1 0.9393 0.0005
�2 0.0230 0.0004
�3 0.0034 0.0010
�4 �4.45 ð 10�5 8.95 ð 10�6

R2 0.9972
O�2
� D 0.0003

Wages
˛0 1.0386 0.2381
˛1 0.8876 0.0026
˛2 0.0117 0.0082
˛3 �0.0001 7.09 ð 10�5

R2 0.8030
O�2
� D 0.0429

Number of observations D 27, 704.

where �t is i.i.d. N�0, �2
��. The estimated regression has a very high R2, and the estimated standard

error is very small, see Table I. This indicates that, with high accuracy, we have a deterministic,
Markovian updating formula for the average pension points

aptC1 D exp

{
O�1 C O�2 log�apt� C O�3t C O�4t

2 C O�2
�

2

}
�6�

where O�2
� is the estimated variance of �t and O�1, . . . , O�4 are the estimated parameters. The value

of apt is frozen if the individual enters retirement, i.e. aps D apt, 8s > t.
Second, turning to wage earnings, future earnings are not known to the individual in advance.

Hence, it is modelled as a stochastic process. We model wage earnings by a simple autoregres-
sive process

log�wtC1� D ˛1 C ˛2 log�wt� C ˛3t C ˛4t
2 C �t �7�

where t denotes age and �t are i.i.d. N�0, �2
� �. The quadratic specification allows for an age

income profile.
Table I shows the results from the estimation of this model. R2 is fairly high also for this

regression, although not as high as for the regression of the average pension points, equation (6).
The standard error of the regression of the wage equation is also much larger than the regression
of apt. Therefore, it is indeed not appropriate to model wage as a deterministic process.

The wage equation is estimated conditional on working the next year. At age 65, many
individuals in our sample do not have the option of remaining in the work force, i.e., they can only
choose retirement. Whether or not an individual will have the choice of remaining in the work
force available at age 65 or not is another important source of uncertainty for the individual. We
will model this by setting the wage to zero,7 if the individual does not have this option available.

7 Note that the single period utility approaches �1 as consumption approaches zero. Hence, no one will choose working
if the wage is zero. For numerical reasons, we set the wage to a very small number.
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Thus, the transition probabilities of the wage variable are adjusted at age 65, by assigning a
probability p65 of receiving a positive wage, if continuing working. This probability is assumed
to be the same for all individuals. If the individual does in fact continue to work beyond age 65
(and consequently had the option available at the age of 65), we will assume that the individual
will continue to have the option available with probability one for all ages ½ 65. That is, for
the individual, the uncertainty is dissolved at 65. We will estimate the mixing probability p65

simultaneously with the preference parameters, assuming rational expectations.

4.3. Preferences

Workers are assumed to receive utility from consumption and leisure. A priori, we expect the
utility function to be increasing and concave in consumption. The deterministic component of the
single period utility function is given by

ut�x, dt, �u� D Qut�ct, ft� D ˛ log�ct� C 	t��� log�ft� �8�

where ft is the amount of leisure time. It is assumed to be fW D 1 if the individual is not working
(i.e. is retired, rt D 1) and fR D 1 � 0.45 if the individual is working �rt D 0�. ct is consumption,
which is assumed to equal the retirement benefits bt if the worker is retired and labour earnings wt

otherwise. The only source of intertemporal substitution is thus through the public pension system.
As we explained in Section 2, the old age pension benefit is determined by the three state

variables of retirement age, average pension points and, through the basic pension, marital status,
i.e., bt D b�rat, apt, mt�. The benefit is known by the individual. Since retirement is an absorbing
state, lifetime utility after retirement is a deterministic, discounted sum

vt�xt, dt D 1, �� D
102∑
sDt

ˇs�t
s�t∏
kD1

stCk Qut�bt, fR� �9�

Hence, calculating the value function given retirement is easy.
Note that the specification of the single period utility function (8) implies that preferences are

not dependent on marital status per se, but only through monetary incentives from the rules of
how the retirement benefit is calculated.

	t��� is a function given by several parameters � that allow for an age-varying profile of leisure
preferences. One motivation for allowing a flexible profile for leisure by age is that health status
may decline with age. This may be an important feature since we have no separate measure
of health status in our data. In calibrated models for the USA (Rust et al., 2000) and Germany
(Knaus, 2002), it has been found appropriate to use a preference profile for leisure that is rather
fast increasing in age. We follow Knaus (2002) and let the parameter capturing the preferences
for leisure have a conventional logit specification, i.e.

	t��� D exp��1� C exp��2� Ð
exp

(
t � �3

�4

)

1 C exp
(

t � �3

�4

) �10�

This specification allows for a flexible specification to capture changing leisure preferences by age,
while ensuring that the model’s ability to fit our data is not a result of age-specific dummy variables.
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We have not been able to get an estimate of the discount factor ˇ. It is therefore set to 0.97.
The preference parameters to be estimated are therefore �u D �˛, �1, . . . , �4�.

4.4. Timing of Events

As we described above, the only decision variable for the individual is whether to retire or to
continue to work full-time. We assume that this decision is taken at the beginning of each year.
That is, at the beginning of the year, the individual will contemplate whether to retire or work yet
another year. The information available for the individual at that time is the wage earnings the
previous year, and the average pension points (and of course the age and present labour status).
The individual is not certain about future earnings, and consequently also uncertain about future
average pension points and pension benefits. Given the available information, the individual knows
the distribution of next year’s wage earnings, given by equation (7). From the distribution of next
year’s wage earnings, a probability distribution of next year’s average pension points can also be
inferred (given by equation (6)). Only the current year’s idiosyncratic taste variables are known
to the individual, but not future years’.

With all the available information, the individual can calculate the expected utilities for the two
decisions (retire or not retire), and choose the one with the highest expected utility. However,
since we as researchers cannot observe the idiosyncratic taste variables, we can only calculate the
probability that an individual will choose to retire.

5. ESTIMATION

5.1. Implementation

In the numerical implementation of the model, we have used discretization of the continuous
earnings from labour variable. In the reported results we have used 400 discretization points. The
estimation results were, however, robust with much smaller number of points. Although an efficient
way to solve the one-dimensional integrals is using quadrature rules, such as e.g. Gauss–Legendre
used in Knaus (2002), we have chosen to use simulation instead. The reason for doing so is that we
are working on extending the model to include more state variables. For instance, in an ongoing
project we model health status and include the disability insurance (DI) system. For such models
it is necessary to use simulation techniques in the estimation and therefore it is the method of
choice also in this paper. Consequently, we have also used a random grid for the discretization
points, and used linear interpolation to calculate the value functions.8 The number of simulation
draws was set such that both the estimated parameters and the log-likelihood value was stable to
at least six digits.9

5.2. Results

We estimate two different versions of the model. The first version is a full model allowing for a
flexible age-differentiated preference for leisure, where we estimate all parameters in equation (10).

8 A randomized grid is more efficient than a uniform grid to solve multiple integrals. For a similar study in a dynamic
programming context, see Rust (1997).
9 The resulting simulated maximum likelihood simulator is not unbiased with finite number of draws, due to ‘Jensen’s
inequality’.
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This model will, in the following, be labelled M1. In the second version, we impose the restriction
of not allowing for changing preferences for leisure by age. That is, we estimate only �1 in (10).
This model will be labelled M2.

Table II shows the estimation results for both models. For the more flexible M1 model, all
estimated parameters are significantly different from zero and have the expected signs. Note
that the estimated function for preferences for leisure is not very smooth. In fact, the estimated
preference profile is essentially a dummy variable for ages >65.

It is, of course, possible that the estimated profile reflects a real change in preferences starting
at age 65. However, it seems much more likely that this age profile reflects institutional rules on
the Swedish labour market and social norms on retirement at the normal retirement age of 65.
As explained in Section 2, many workers automatically lose their job at age 65 due to rules on
mandatory retirement age. This means that the estimated dummy variable for ages above age 65
is likely to reflect the institutional constraints, rather than changes in preferences by age. As we
will come back to in the discussion of the simulation results in Section 5, it is for this reason
useful to estimate a model without allowing for time-differentiated preferences. The estimation
shows, as expected, that the goodness of fit in terms of log-likelihood value is not as good for the
constrained, M2 model as the more flexible model, see Table II.

Hence, allowing for a flexible preference structure over time clearly leads to better goodness
of fit, but we also run the risk of over-parameterization. One way to examine the trade-off
between lack of fit and over-parameterization is to compare how well the models predict the
actual retirement behaviour. Figure 1 shows the cumulative distribution functions for the actual
labour force participation of the workers in the sample, along with the predictions for the full M1
model and the constrained M2 model, respectively.

Let us first look at the predictions of the M1 model. As expected, at early ages the model
underestimates the hazard rate into retirement. In our model the individuals have zero pension
benefit by retiring before age 60, which probably does not apply to all individuals in the sample.10

This is, however, a minor problem since very few individuals in our sample retire at that age. In
the interesting age span of ages 60 to 65, the estimated model follows the observed retirement
pattern quite closely. The hazard rates are somewhat overestimated at ages 63 and 64. At older

Table II. Results from the maximum likelihood estimation of the parameters
in the model

Parameter M1 model M2 model

Point estimate s.e. Point estimate s.e.

˛ 0.9074 0.0610 1.2307 0.0590
�1 0.8504 0.1870 1.8215 0.1703
�2 0.4078 0.0835 — —
�3 65.4 —
�4 0.007 —
p65 0.9730 0.0040 0.9531 0.0029
Log-likelihood �3625.3 �3692.3

Note: N D 4638; number of observations: 46,734; ˇ D 0.97.

10 Also, we do not model savings. However, as argued in Section 2, this is probably not an important shortcoming, at
least not for explaining early retirement in this sample.
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Figure 1. Cumulative distribution of labour force participation. M1 is estimated model with leisure
preferences varying by age, and M2 is estimated model where preferences are not age-dependent

ages, the model underestimates the probability of remaining in the work force. Again, this may be
explained by unobserved variables and the fact that our maximum likelihood estimator attaches
little weight to accurately predicting the retirement behaviour of this age group, since very few
observations remain in the sample after age 65. In fact, more than 80% are retired at age 66.

Figure 1 shows that the M2 model, which in addition to the constant only uses measures of
economic incentives, also gives a fairly good fit to the observed retirement pattern. At early ages,
the models M1 and M2 are almost identical, while the constrained model M2 overestimates the
hazard rates somewhat more at age 63 and 64, while it somewhat underestimates the peak at
age 65. However, the more parsimonious specification, with only variables measuring economic
incentives, gives a satisfactory fit to the observed retirement pattern.

To summarize the estimation results, we believe that the estimated models can satisfactorily
replicate the observed pattern of retirement. We also think that the more parsimonious specified
model, where we only include economic incentives, gives a good fit to the observed pattern. In the
next section, we will therefore simulate a policy reform and assess the effects on labour supply
using our two estimated models.

6. SIMULATION RESULTS

To further evaluate the empirical implication of the estimated models, we simulate the effect of a
hypothetical reform on the retirement behaviour of the workers in the sample. The content of the
reform is simply to delay the eligibility ages and the actuarial adjustment of the public pension
system by three years. This means that the public pension can be claimed starting from age 63
and that the normal retirement age is changed to 68.

Retirement behaviour is affected by economic incentives, labour market institutions in a broad
sense and changes in preferences towards retirement by age. We divide economic incentives into
incentives inherent in the old age pension scheme and incentives which follow from rules on
mandatory retirement age implying that workers lose their jobs at a particular age. The aim of
our overall simulation strategy is to separate out the effect of the two different kinds of economic
incentives that we consider on retirement behaviour.

Copyright  2004 John Wiley & Sons, Ltd. J. Appl. Econ. 19: 795–807 (2004)
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We do three different simulations. In the first one, S1a, we use the full M1 model. We maintain
the mandatory retirement at age 65. The only change compared to the baseline is that we change
economic incentives through the old age pension system only. This implies that the effects of the
incentives working through the old age pension system are isolated.

In the second simulation, S1b, we shift the rule of mandatory retirement to apply at age 68
(instead of 65). However, we still maintain the estimated flexible preference structure of model
M1, where individuals have more preference for leisure from age 65 onward. The interpretation
of this simulation is that we change economic incentives through both pension benefits and rules
of mandatory retirement. Thus, this simulation gives the full effect of economic incentives on
retirement behaviour.

As we explained in the previous section, the M1 model including time preferences is over-
parameterized in the sense that it is likely that unmeasured economic incentives are captured by the
time preference specification. In this sense, it is thus likely that the behavioural effect of the reform
is underestimated using this simulation and modelling strategy. The S1 simulations can therefore
be interpreted as a ‘lower bound’ prediction on retirement behaviour of the hypothetical reform.

In the third simulation, S2, we use the restricted M2 model. As in simulation S1a, we change
pension benefits and delay the rule of mandatory retirement to age 68. This simulation does not
include the effects of age-varying preferences. Since such a specification is likely to reflect the
effects of institutions, such as the effect of social norms of retirement at age 65, as well as genuine
changes in preference in retirement by age, which are not changed in the reform, it may be argued
that the S2 simulation overpredicts the behavioural response to the reform. This prediction can
therefore serve as an ‘upper bound’ to the behavioural response to the reform.

Figure 2 shows the cumulative distribution functions for the predicted labour force participation
rates under the current system from model M1 and M2 respectively, along with the outcome from
the three simulations. The S1a and S1b simulations should be compared to the M1 prediction
and the S2 simulation to the M2 prediction. Table III shows the expected retirement age for each
prediction and simulation, along with retirement hazard rates.

Several interesting results emerged from this exercise. First of all, the S1a simulation shows
that economic incentives operating through the old age pension scheme also have an effect on
retirement behaviour in this ‘lower bound’ simulation strategy. The second form of economic

Figure 2. Cumulative distribution of labour force participation for the simulated hypothetical policy reforms
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Table III. Hazard rates and expected retirement ages

Age Sample M1 M2 S1a S1b S2

60 0.03 0.01 0.00 0.00 0.00 0.00
61 0.02 0.01 0.00 0.00 0.00 0.00
62 0.03 0.05 0.06 0.02 0.00 0.00
63 0.04 0.12 0.12 0.07 0.00 0.01
64 0.18 0.27 0.33 0.22 0.01 0.04
65 0.67 0.61 0.53 0.52 0.04 0.14
66 0.23 0.37 0.19 0.25 0.11 0.13
67 0.18 0.39 0.26 0.24 0.34 0.28
68 0.20 0.40 0.37 0.28 0.15 0.29
69 0.08 0.02 0.00 0.01 0.12 0.00
70 0.00 0.00 0.00 0.02 0.07 0.01
Expected retirement age 65.07 64.80 64.95 65.58 66.00 67.59

incentive inherent in the mandatory retirement age has an effect since shifting the mandatory
retirement age, again in the ‘lower bound’ simulation, further shifts out the cumulative distribution
function for labour force participation in Figure 2.

The large discrepancy between the outcomes of the S1b and S2 simulations shows that there
is a large element of uncertainty in the prediction of the effect on retirement behaviour. There
is an important effect of the specification of changes in preferences towards retirement by age,
which in turn is likely to reflect social norms and labour market institutions in a broad sense
affecting retirement behaviour. The importance of this effect is not revealed in the within-sample
predictions.

7. DISCUSSION AND CONCLUSIONS

In this study we develop two dynamic programming models to study the retirement behaviour of
blue-collar workers in Sweden: one model which allows for a flexible specification of changes in
preferences towards retirement by age and one restricted version. Both models, but in particular
the restricted one which only contains three parameters, perform remarkably well in the within-
sample predictions of labour force participation rates. There are probably two main reasons for
this outcome. The first is that we study a fairly homogenous group exposed to the same labour
market institutions and economic incentives, both through the pension scheme and the rules on
mandatory retirement age. The second reason is that we are able to fairly accurately predict the
income of the workers in the sample as retired, since this group relies to a large extent on the
public pension system for their old age income security.

In understanding the relation between economic incentives and labour force participation rates
for older workers on the Swedish labour market, the present study has several limitations which
call for further research. The most important limitation is that we exclude all workers who retire
through the DI system. For blue-collar workers in Sweden more than 50% finance their exit from
the labour force through the DI system. A related limitation is that we also disregard the influence
of other parts of Sweden’s income security system—such as the unemployment and sickness
insurance programmes—which have become increasingly important as pathways out of the labour
force (see Palme and Svensson, 2004).
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The results from the simulations—which are out-of-sample predictions—suggest that economic
incentives affect retirement behaviour, both through the public pension system and through rules
on mandatory retirement age. However, the large discrepancy between the simulations using the
model which allows for changes in preferences towards retirement by age and those of the restricted
model shows that labour market institutions in a broad sense, such as social norms on retirement
at age 65, may be important and/or problems in identification of the effect of rules on mandatory
retirement age. This conclusion is supported by the fact that the economic incentives inherent in
the public old age pension scheme are likely to be measured with small errors.
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