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3.1 Introduction

In Denmark, the official retirement age of sixty-seven years—from
2004, sixty-five years—is high in an international context. A main point in
the Danish policy reform discussions is, however, the widening gap there
has been between the official retirement age and actual behavior concern-
ing exit from the labor force. The average actual retirement age has been
declining to around sixty-one years old, a decline that gained momentum
especially after the introduction of a labor market policy program for early
retirement in 1979.1 Before that time, early retirement with a public-
transfer income was only possible for health reasons.

Both the official and the actual average retirement ages in Denmark are
still high compared with most other Organization for Economic Cooper-
ation and Development (OECD) member countries. Nevertheless, policy
options and analyses in the pension area are central to current debates of
economic policy in Denmark (e.g., see Socialkommissionen 1993; Finans-
ministeriet 1996; Finansrådet 1998; and Economic Council 1998). Two

Paul Bingley is associate professor at the National Center for Register-Based Research
(NCRR) at the University of Aarhus. Nabanita Datta Gupta is associate professor of eco-
nomics at the Aarhus School of Business. Peder J. Pedersen is professor of economics at the
University of Aarhus.

All three authors are affiliated with the Center for Integration and Marginalisation (CIM),
Aarhus, and the Center for Labour Market and Social Research (CLS), Aarhus. The authors
gratefully acknowledge financial support from the Danish Social Science Research Council,
the Danish National Research Foundation and the University of Aarhus Research Fund.

1. Average retirement differs depending on individual background characteristics. In 1997,
it was sixty-three years for employed men, fifty-nine years for men who entered retirement
from unemployment, sixty-one years for employed women, and fifty-eight years for women
who left the labor force from unemployment (Statistics Denmark 1999).
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main factors behind the high priority of this area are the projected change
in demography and the public finance prospects from this change regard-
ing publicly funded social security programs for retirement. The current
level of public-sector-financed income transfers to social security retire-
ment programs is around 8–9 percent of the gross national product (GNP).
Public expenditures on health and other services to elderly people should
be added to this amount. Projected changes in the age composition of the
population along with changes in retirement behavior have potentially
large consequences for public-sector finances. In the Danish context, the
full impact on the tax-GNP ratio has been estimated to be an incremental
increase of around 4–5 percent in a number of recent studies (cf. the refer-
ences at the beginning of this paragraph).

The structure of the remainder of this chapter is as follows. Section 3.2
gives an introduction to the policy environment, both the current as well as
the recent, ongoing state policy reforms. Furthermore, section 3.2 intro-
duces some quantitative aspects of the retirement landscape in Denmark.
Section 3.3 describes the contents and structure of the micro-data we ana-
lyze. Section 3.4 contains the earnings histories and projections needed as
inputs in the micro-analyses. In section 3.5, we describe the construction of
the social security incentive measures and some of the complications met
in this area. Section 3.6 contains the results from a great number of esti-
mations of the impact from the incentive measures described in section 3.5
on retirement behavior. In Section 3.7, the estimation results are used to
simulate the expected outcome in the Danish context from a common set
of strategic reforms of retirement policy. Finally, section 3.8 concludes the
chapter.

3.2 The Policy Environment

Until recently, the foundation of Danish policy in the field of pensions
has been the so-called universal or Beveridge-type system of eligibility to a
pay-as-you-go (PAYG) system for old age pension (OAP) that has age and
residence in the country for a sufficient number of years as the only crite-
ria. The expenditures are financed from general tax revenues. Until a few
years ago, a base amount was paid to everybody sixty-seven years or older,
while a supplementary amount was means tested against other income in
the household. From 1993, the base amount has been means tested against
earnings from work, but not against capital income.

The other main social security program is the route to early retirement
through social disability pension (SDP). Initially, eligibility to this pro-
gram for people younger than sixty-seven years was dependent on health
criteria. More recently, there has been a gradual widening of the scope to
include also social criteria for eligibility. The program is quite complex, in-
cluding a number of different benefit levels and with an intricate combina-
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tion of various tax treatment and different rules regarding means testing
for the many components making up this program. When people covered
under this program reach the age of sixty-seven years, they enter OAP.2

Participation in the SDP program has been fairly stable, reflecting among
other things the opening up of other routes—non–health related, how-
ever—to early retirement. Like OAP, the SDP is financed from general tax
revenues.

A dominant part of Danish social security is defined benefits, fully fi-
nanced from general tax revenues. There is however a small area—of grow-
ing importance in the future—of defined-contribution programs (follow-
ing the so-called Bismarck model). The oldest, mandatory public pension
program is the Additional Labour Market Pension (ATP) program, which
has been operative since 1963.3 The flat-rate contributions depend on the
number of hours of work. Until now, this program has been of minor im-
portance compared with OAP. Beginning in 1999, the program has ex-
panded, as 1 percent of all wages are contributed to a so-called Special
Pension program (SP). Future individual benefits from this program are,
however, dependent on the accumulated amount of work and not on the in-
dividual earnings history throughout the working life.4 The accumulated
benefits are paid out as a ten-year annuity from the age of sixty-seven or
sixty-five.

The historical development in the important area outside social security
per se is made up by a multitude of labor market pensions and individual
tax-subsidized arrangements and began in 1849 with the introduction of a
defined-benefit system of pensions, the tjenestemandspension (public em-
ployee pension; PEP) for some public-sector employees. About one hun-
dred years later in the 1950s and 1960s, the build up of funded pension pro-
grams (Labour Market Pension programs; LMP) began for other groups
of public-sector employees and for academics, both in public and private
employment. Until the late 1980s, this resulted in a coverage of about one-
third of the labor force with supplementary labor market pension pro-
grams (PEP and the funded LMPs). From the beginning of the 1990s,
funded LMPs have been extended to cover an increasing part of the public
sector and blue-collar workers in manufacturing, trade, services, construc-
tion, and transport in the private sector. The typical structure is defined
contributions with 3 percent of earnings from the worker and 6 percent
from the employer. Certainly the majority and presumably all of the pro-
grams have an early retirement option before the OAP age, typically from
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2. Here and at later occasions, sixty-seven is changed to sixty-five from 2004 for everybody
younger than sixty in 1999, according to a policy reform enacted in 1999.

3. The program shares the name with a corresponding program in Sweden, but the scope in
Denmark has been much more limited so far.

4. This new instrument seems to have an impact on both the lifetime allocation of income
and on the distribution of income between individuals.



the age of sixty and depends on the specific age in most of the programs
with an actuarially fair reduction.

Since 1979, the dominant path to early retirement in Denmark has been
through the efterløn (post-employment wage program; PEW). Officially,
this is a labor market policy program intended to redistribute a (presumed)
restricted number of jobs from older workers with physically demanding
jobs to unemployed young workers. In practice, the program has func-
tioned as a reduction in the pension age for broad groups in the labor mar-
ket. Entry can occur either from a job or from unemployment. Eligibility
starts at age sixty and extends to sixty-six, depending on long-term labor
market attachment and is documented by membership in an unemploy-
ment-insurance fund. A further requirement is that labor supply while in
receipt of pension must not exceed 200 hours per year. The rules regarding
eligibility have been tightened on a number of occasions. Benefits in PEW
are related to unemployment-insurance benefits, either to maximum bene-
fits or 82 percent of the maximum. The main source of funding for the pro-
grams is from general tax revenues. A reform was enacted in 1998–1999 to
be phased in during the coming years. The contents and the purpose of the
reform are taken up below.

In 1992, a transitional benefits program (TBP) was introduced. Eligibil-
ity to this new early retirement program was conditional on being fifty-five
to fifty-nine years old, a member of an unemployment-insurance fund, and
to have been unemployed for at least twelve out of the last fifteen months.
From the beginning of 1994, the program was extended to cover fifty to
fifty-four year olds with the same labor market criteria as for the fifty-five
to fifty-nine year olds. Benefits in the program are 82 percent of maximum
unemployment-insurance benefits and the duration is until the person en-
ters PEW at the age of sixty years. Participation in the program greatly ex-
ceeded government expectations, and entry was terminated in the begin-
ning of 1996 with a strong cyclical upturn underway.

3.2.1 Work and Retirement

In this section, we illustrate first the current state of labor market at-
tachment among the fifty and older age group in Denmark. Table 3.1 sum-
marizes the participation rate by age intervals, while figure 3.1 shows the
profile for single-year age groups separately for men and women in 1998.

It is evident that the largest decline occurs at age sixty, where many be-
come eligible for PEW. Figure 3.1 illustrates the almost-linear declines dur-
ing the fifties, with the steepest slope for women. In spite of the declining
participation rates from the age of fifty, the level, especially from sixty to
sixty-seven, is high in international comparison. The Economic Council
(1998) replicates the approach taken in Gruber and Wise (1999; available
as a working paper in 1997) and calculates a measure of unused capacity
for Denmark. Based on the share of men aged fifty-five to sixty-five outside
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the labor force, they found that only Sweden, the United States, and Japan
have lower levels of unused capacity than Denmark.

Consequently, one interesting question is why the participation rate is so
high in Denmark for the sixty to sixty-six age group, considering the avail-
ability of a multitude of exit routes from the labor force. A possible expla-
nation is that financial incentives to retire early are strong for people with
fairly low wages. Regarding the extent to which early retirement creates fi-
nancial incentives to continue working during ones’ sixties,5 out-of-work
compensation is typically fairly low relative to earnings for people with
higher wages. In Denmark, net compensation is between 70 percent for the
low-wage group and 40 percent for the high-wage group. In Germany, the
reverse is true—that is, the differences are much smaller between compen-
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Table 3.1 Labor Force Participation Rate, 50+ Group (1998)

Age Participation Rate

50–54 82.3
55–59 72.1
60–62 38.9
63–66 20.0
67–70 14.7
70+ 5.4

Source: Statistics Denmark (1999).

Fig. 3.1 Participation rates, 1998

5. This is illustrated in Ministry of Economics (2000, 46), which shows for a number of
countries the net compensation from public pensions relative to earnings for people with low,
average, and high wages—more precisely, for people with 75, 100, and 150 percent of the
earnings of an average production worker.



sation in the three wage-earner groups, but net compensation is highest for
the high-wage group. So, given the structure of public pensions in Den-
mark, an obvious interpretation is the high-wage earners work to a greater
degree later in life simply to accumulate supplementary pension income in
order to raise net compensation in retirement above the 40 percent level
reached through the public system.

Other indicators in the same direction can be found in Economic Coun-
cil (1998, 93) and in Pedersen (1998, 175). The Economic Council relates
the actual shares in early retirement to age and to the degree of financial
compensation in different educational groups. Using 1996 data, the degree
of compensation, as well as the share in early retirement, are consistently
lower for groups with higher education. Pedersen analyzes the expected re-
tirement age in a panel survey, supplemented with register data on in-
comes, and finds a significant positive impact (i.e., higher expected age of
retirement) from gross earnings for those with supplementary pension
schemes, while no effect is found for those without any supplementary
arrangements.

The dichotomy regarding early retirement with one group generally re-
tiring as soon as possible, and another with fairly high labor force partici-
pation beyond the age of sixty, can be studied further using panel data. An
illustrative example is shown in figure 3.2. This is drawn from a 2 percent
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Fig. 3.2 Average retirement hazards for women and men, fifth and tenth decile in
the income distribution



representative sample of the population followed since 1980. We suppress
the fact that retirement behavior may vary over time in our present illus-
tration in order to get enough observations to relate retirement behavior to
individual income distribution at the age intervals that are most relevant
regarding retirement. Each person in the sample contributes one income
observation for each age at which they are still a labor market participant.
Take, for example, observations relating to age sixty, where we compute
decile points in the (real) income distribution for the subsample observed
since 1980 that is sixty years old and still in the labor force at some point in
time. We then calculate the share retiring for each decile of income distri-
bution for labor market participants at each age between fifty-nine and
sixty-nine. (Calculations are made separately for women and men.) A small
selection of the great number of age- and income-related retirement fre-
quencies are shown in figure 3.2. Tentatively, they seem to support the hy-
pothesis that the relatively high participation rate in Denmark of the sixty
and older age group is concentrated mainly among males at the top of the
income distribution.

Next, the structure in 1998 of the working and nonworking population
fifty years and older is shown in table 3.2. For the working group, the struc-
tural composition divides—not surprisingly—at the age of sixty. The share
of wage earners working full time goes down 20 percentage points, and
from age sixty-seven, more than 90 percent of those still working are either
self-employed or part-time workers. The cross-sectional nature of the table
does not allow any conclusions regarding part-time work as a stepping
stone from full-time employment to retirement.6 The right-hand panel in
table 3.2 shows that the expansion of routes to early retirement has meant
practically an end to unemployment in the sixty and older group. A major

The Impact of Incentives on Retirement in Denmark 159

Table 3.2 Structure of the Working and the Nonworking Parts of the Population, 50+
Group (1998)

Working Population (%)
Nonworking Population (%)

Self- Wage Earner, Wage Earner,
Age Employed Full time Part time Total Unemployed Other Total

50–54 11.7 81.2 7.1 100 20.7 79.3 100
55–59 14.1 78.0 7.9 100 17.9 82.1 100
60–66 26.0 58.5 15.5 100 3.0 97.0 100
67–74 47.2 7.9 44.9 100 — 100.0 100
75+ 65.2 2.5 32.3 100 — 100.0 100

Source: Calculations based on Statistics Denmark (1999)
Note: Dashes indicate that data is not applicable.

6. Casual evidence does not support this conjecture (i.e., the stepping-stone idea). Further
analyses drawing on panel data will enable conclusions to be drawn on this point.



part of the income for people fifty years and older, outside of labor force
participation or unemployment, comes from the broad range of mainly
publicly financed programs. The distribution in 1998 by different sources
of income ranked according to the dominant program in each individual
case is shown in table 3.3.7

The dominant source of income for nonworkers is SDP until the eligibil-
ity age of sixty for PEW. The lower share receiving TBP in the fifty to fifty-
four group simply reflects that entry to this program was terminated in early
1996, so the youngest recipients in table 3.3 are fifty-two years old. The
residual group is fairly small. Because the options cover both the (shrink-
ing) group of housewives without an independent income and people with
an early receipt of labor market pension or private means as their dominat-
ing source of income, it is obvious that early retirements options outside the
(mainly) social security programs are still a long way from maturity.

Next, we consider some aspects of the transitions to a condition outside
the labor force. Presenting a comprehensive empirical picture of all the
possible routes would be a major undertaking, so the present intention is
to concentrate on some of the major transitions. A sketch of these is pre-
sented in table 3.4.

Before age sixty, SDP is the only exit route with an income compensa-
tion, apart from the temporary TBP for long-term unemployed, open for
two and four years, respectively, in the mid-1990s. In the age interval of
sixty to sixty-six, transitions can be to SDP (although not to the highest
level) from the same states of origin as for younger people. Next, the very
important PEW program is available—conditional on eligibility—for en-
try from either a job or from unemployment. The stock of people covered
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Table 3.3 Proportions of the Nonworking Population 50–69 Years, by Dominant Public-
Sector Benefit Program Category (1998)

Age UIB LMP TBP PEW SWB SDP OPA None Total

50–54 20.7 3.8 16.5 — 3.5 42.1 — 13.5 100
55–59 17.9 1.9 24.0 — 1.4 43.6 — 11.1 100
60–66 3.0 0.1 — 52.6 0.4 35.6 — 8.2 100
67–69 — — — — 0.3 — 97.8 1.9 100

Source: Calculations based on Statistics Denmark (1999).
Notes: UIB = unemployment-insurance benefits; LMP = different labor market programs; TBP = Tran-
sitional Benefit Program; PEW = post-employment wages; SWB = social welfare benefits; SDP = social
disability pension; OAP = national old age pension. A case where a labor market pension is the income
source will, in principle, fall in the category “None.” The coverage of labor market pensions and private
schemes is, however, imperfect in the table. Dashes indicate that data is not applicable.

7. Note that the unemployed in table 3.2 are implicitly defined as those who receive unem-
ployment benefits. However, some unemployed receive social welfare benefits (SWB), and
some do not receive any benefits.



by TBP transit automatically to PEW at age sixty. Finally, most—or all—
labor market pension schemes have, as mentioned, an early retirement op-
tion. People with this option who are at the same time eligible for the PEW
will most likely have an incentive to enter the PEW and postpone use of la-
bor market pension schemes due to means-testing rules in the PEW pro-
gram. People who are not eligible for the PEW and who retire early on a la-
bor market pension scheme will normally transit directly from a job. From
age sixty-seven, people still in a job (or the very few in unemployment), as
well as people in all kinds of early retirement programs, transit to the OAP.

For people initially in the labor force and fifty to sixty-six years old in
1997, figure 3.3 shows the share of the work-originating exits to retirement
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Table 3.4 Typical Exit Routes from the Labor Force by Age Intervals

�50 years 50–59 years 60–66 years 67+

To: SDP Same option and same To: SDP To: OAP
From: Employment; rules regarding SDP as Same as younger but From: All states
unemployment; sick- 49 years and younger excluded from highest 
ness benefits; welfare group level SDP
benefits

To: TBP a To: PEW
From: Long term un- From: Employment; 
employment unemployment; TBP 

(100%)

To: Early option, labor To: LMP, PEP
market pension From: All states
From: Employment

Note: See table 3.3 for explanation of abbreviations.
aProgram for long-term unemployed, open 1992–96, transition from age 60 to PEW.

Fig. 3.3 Percent of labor force exits from employment



to be around two-thirds until the PEW option at age fifty-nine, at which
point the share from employment jumps to three-fourths.

The share at age sixty-one is a low point and is related to the specific
transition patterns to PEW (cf. figure 3.4 below). For those sixty-two years
and older who still are in the labor force, the share coming from employ-
ment is somewhat higher, which is not surprising given the strong selection
mechanisms into programs for the unemployed.

Figure 3.4 concentrates on exits to PEW. The absolute number of exits
to PEW, independent of state of origin, peaks when the minimum possible
age of eligibility is reached. The only exception to the much lower number
at higher ages is the local peak at sixty-two years. This presumably reflects
the option of being eligible for maximum unemployment benefits for the
whole period remaining until OAP if entry to PEW is postponed until
sixty-two. Figure 3.4 also shows the share by age of exits to PEW coming
from a job. This is seen to be fairly stable between 70 and 80 percent, ex-
cept for the dip at age sixty-one that could reflect the incentive for people
in long-term unemployment, when turning sixty, to delay entry to PEW,
which might imply a reduction of their income up to 82 percent of maxi-
mum unemployment benefits. Instead, in some cases, an option is to re-
main unemployed and collect maximum unemployment insurance benefits
until the end of benefit eligibility and then exit to PEW.

Looking at transitions to PEW from employment by industry, we see the
profile for 1997–1998 shown in figure 3.5. The transition rates shown are
calculated as the flow to PEW relative to the stock of employed people sixty
to sixty-six years old in each of the industries. The highest values are found
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Fig. 3.4 The absolute number of transactions to PEW and the share
from employment



for manufacturing and for public and private services (i.e., industries with
a high share of unskilled workers). Many of them will have a fairly high po-
tential rates of compensation upon entering the PEW.8 The low share from
agriculture reflects both the dominance of self-employment in this age
group and the condition that a farmer must sell the farm to be eligible for
the PEW. Another low share is found for financial services, probably be-
cause this is a group in which most employees have access to labor market
pensions. The industry group “other” includes workers with a more mar-
ginal attachment to the labor force. A higher-than-average share of these
probably do not fulfill the requirements for eligibility to PEW.

Regarding the transition to SDP, table 3.5 shows the status immediately
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Fig. 3.5 Transition rate to PEW by industry, 1997–98

8. Many in these groups will also have had physically demanding, repetitive jobs, or both
(i.e., belong to the groups for whom the PEW was originally designed).

Table 3.5 Status Prior to Entry to SDP

Status Immediately Before Entry (%)

Welfare Sickness
Earlier Status Employed Unemployed Benefits Benefits Other Total

Employed 8 0 0 22 1 31
Unemployed 0 0 10 21 0 32
Welfare benefits 0 0 7 3 2 12
Sickness benefits 0 1 3 1 0 5
Other 0 1 8 2 8 20

Total 9 2 28 50 11 100

Source: Calculations based on Statistics Denmark (1999).



before the transition (i.e., as a minimum, the latest month) and shows also
the earlier status, or the one preceding the state immediately before entry
to SDP.

Looking at the immediately preceding status, we find—not surprisingly,
as an SDP application takes time to process—that only 11 percent are in
the labor force. But by extending the perspective to include people coming
from unemployment, we find that nearly two-thirds come from the labor
force. For people coming from employment, both immediately before and
as the earlier status, it seems fairly obvious that the route to SDP is health
related.

3.2.2 Policy Reforms—Pressure and (Beginning) Action

The background to policy reforms is similar in Denmark to most other
OECD countries, even though the pressure for reforms may be less. The
setting is the well-known combined effects from the projected aging of the
population, the declining average retirement age, and the transition from a
predominantly PAYG system to predominantly funded systems.

During the next forty years, the number of people within the potential
labor force age range relative to people sixty-five years and older is pro-
jected to decline from a 4-1 ratio to a 2-1 ratio. At the same time, a signifi-
cant decline has occurred in the actual average retirement age during the
last quarter of a century, widening the gap between actual average retire-
ment ages and the hitherto very high official pension age of sixty-seven
years.

The core of the problem is, like in other OECD countries, an expected
increase in public expenditures for pensions and for health-related care for
elderly people, and at the same time, the decline in average retirement ages
means an erosion of real production and the tax base in the economy.

Denmark shares the problems in this area along with other OECD coun-
tries, but the specific problems related to demography are expected to be
relatively smaller. Roseveare et al. (1996) project an increase in taxes rela-
tive to GNP conditional on demographic factors until the year 2030. Italy,
Germany, Japan, and the Netherlands are on top in this ranking with pro-
jected increases in the range of 9–11 percentage points. Sweden, Denmark,
Norway, the United Kingdom, and Ireland are at the opposite end with
projected increases in the range of 2–4 percentage points.

Nevertheless, when the problems are considered very important by Dan-
ish policy makers, it reflects among other things that the fairly small impact
on taxes as a share of GNP (tax/GNP) must be seen in relation to a level of
the tax/GNP that—along with the level in Sweden—is the highest among
the OECD countries.

It will be ten years before the demographic change affects Denmark.
Nevertheless, reform discussions and initiatives have been on the policy
agenda already for some time. The current reform plans are summarized in
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the present section. The general strategy seems to consist of three main
areas.

• A gradual shifting of the weight from PAYG to funded programs
• Policy changes to reverse the decline in actual average retirement ages
• More broad policy changes to mobilize an increase in labor supply

from nonparticipants in different public-sector income-transfer pro-
grams

Obviously, the last part of the strategy has the double benefits of reducing
public expenditures at the same time as expanding the tax base.

Regarding the OAP, the general trend—in accordance with the strategy
outlined previously—has been a reduction of the universal base amount
and an increase in the means-tested supplementary pension. As the labor
market pension schemes reach maturity, an increasing number of pension-
ers will be entitled only to the base amount. The universal base amount was
independent of other income until changes in 1982 and 1993 introduced
means testing against earnings, but not against capital income. This seems
to reflect the philosophy of those years of trying to combat unemployment
by reducing labor supply.

The major current change regarding OAP is the reduction of the eligi-
bility age from sixty-seven to sixty-five. Superficially, this seems surprising
considering the nature of the problems regarding the pension burden. It
must however be interpreted in the light of, first, the widening gap between
the high official retirement age and the declining actual average age. Then,
a major share of people sixty-five and sixty-six years old receive the PEW,
which is higher than OAP, so public expenditures may decline.9 Finally,
means testing of the base amount against earnings is changed in a way to
make gradual retirement more attractive. Reduction of the base amount
begins at a higher level of earnings than previously and the rate of reduc-
tion of the base amount is reduced from 60 to 30 percent, implying that the
base amount will only be fully phased out at an earnings level well above
the average earnings of skilled workers.

The number of people entering the SDP annually has gone down since
1988. Especially in the most recent years, the number of new entrants has
been at a very low level. The background is the spending of more resources
on rehabilitation to reverse the expansion of SDP, and in 1998–1999, an in-
creasing number of “flex-jobs” on special conditions have been supplied as
an alternative to SDP. Critics of the recent reforms have claimed that the
strong decline in admission to SDP mostly reflects a tightening by the ad-
ministration of requirements for eligibility. The policy changes have been
in effect for too short a period to reach any conclusion as to their effect yet.
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9. A counter effect might come from people who have not received any income transfers,
but who now become eligible for OAP two years earlier.



The PEW, introduced in 1979, has become the dominant route to early
retirement after the age of sixty. Until now, the only financial incentive to
delay entry has been eligibility to maximum unemployment-insurance
(UI) benefits until the age of sixty-seven if entry was postponed until the
age of sixty-three. A reform of the PEW was enacted to gradually have ef-
fects onward from July 1999. The main point in the reform is to create incen-
tives to postpone entry to the program until the age of sixty-three. Com-
bined with the reduction of the OAP age to sixty-five, the long-run effect
is intended to be a significant decline in the stock of people in the PEW
program.

As mentioned in the introduction, the reform tightens the entry require-
ment for PEW regarding the years of membership of an UI fund. Benefits
are changed from a system in which they were reduced as a function of time
spent in the PEW to a system in which benefits depend on age at entry be-
ing sixty to sixty-one or sixty-two or older. In the first case, benefits are 91
percent of the maximum UI benefits until OAP eligibility, while in the sec-
ond case they are 100 percent of maximum UI benefits. Furthermore, ben-
efits are means tested against income from all other pension schemes for
people aged sixty to sixty-one years. After age sixty-two, means testing is
only against the income from pension schemes with monthly payments
originating in earlier employment. Until the reform, this was the rule for
everybody aged sixty to sixty-six.

Hitherto, participants in the program were not allowed to work more
than 200 hours annually. The reform replaces this with a flexible scheme,
always resulting in a financial incentive to work to some extent. Eligibility
to PEW in the new system will be terminated if the person works thirty
hours or more per week. This compares with the earlier system in which no
reduction occurred as long as annual labor supply was below 200 hours
and entitlement was permanently and completely lost if a recipient worked
more than 200 hours.

Furthermore, the reform introduces a tax premium for people who are
entitled to PEW, but who go on working after age sixty-two. Working until
the new OAP eligibility age of sixty-five would entitle the person to a tax pre-
mium at a level of 50 percent of the annual income of an unskilled worker.

In summary, the main objective of the PEW reform is to reverse the de-
cline in the average actual retirement age and increase labor supply, espe-
cially among people in their early sixties. The reform has only been in effect
for a short period of time, so evidence concerning the impacts on behavior
is not yet available. Danø, Ejrnæs, and Husted (2000) have entered the
main elements of the PEW reform into a quantitative study of retirement
in Denmark in order to simulate the effects. The major impact from the re-
form is a big reduction in the implicit tax on continued work, especially for
sixty-one year olds and for people sixty-three to sixty-four. Based on the
model, the prediction is that the reform will result in increases in the aver-
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age retirement age for eligible individuals in the 1–1.5 year range for men
and 1–2 years for women. Christensen and Datta Gupta (1999, 2000) have
compared the labor supply and government budgetary effects of a delay in
PEW eligibility age versus a reduction in PEW benefits and have found that
delaying PEW eligibility from sixty to sixty-two will lead to a greater in-
crease in the average retirement age (0.6 years for men and 0.75 years for
women) and greater per capita savings than a reduction in benefits.

The main points in current policy reforms are thus to delay early retire-
ment and to increase labor supply. This combines with the ongoing long-
run shift of emphasis from PAYG to funded pension systems.

3.3 Data Overview

The data for this study are drawn from the Integrated Database for
Labour Market Research (IDA; Statistics Denmark 2003), which is com-
bined longitudinal data for persons and establishments in the period 1980–
1995 and is compiled by Statistics Denmark. The IDA links information on
employees and establishments drawn from central administrative registers
that contain labor market information on the entire Danish population.
Thus, there is no sample survey component to this data. As far as persons
can be followed over time, IDA contains annual labor market information
on all individuals in Denmark.

We use a 2 percent extract of IDA (the population is all public- and
private-sector workers) and restrict our retirement estimations to all older
workers aged fifty to seventy in the period 1980–1995 who have been ob-
served in the labor force at any time. Although early retirement eligibility
begins at age sixty, we start our analysis at fifty, as this is the age at which
public or private retirement income for disability or illness can first be ex-
pected for those in the labor market. We condition on labor force attach-
ment before fifty. The sample sizes for the estimations are 210,073 female
person-years10 and 224,621 male person-years.

The definition of retirement is based on the receipt of benefits such that
a person is considered retired if the main source of income during the year
comes from a pension. In addition, we also condition on the absence of
labor earnings and employer pension contributions during the year. Sev-
eral key public pension benefit programs are considered in addition to the
pure–social security program or OAP. These are, respectively, the PEW,
SDP, and PEP. We also include the TBP, which was a special early-
retirement pension option available to the long-term unemployed (aged
fifty-five to fifty-nine initially, and later also including fifty to fifty-four
years) that was in effect between 1992 and 1996.
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The IDA sample contains information on an individual’s demographics,
years of education, earnings, and other income and assets. The main limi-
tations from the point of view of a retirement study are lack of information
on private pensions and health. Mortality information is available, and
survivor probabilities are assigned on the basis of gender- and age-specific
national average life tables for ages fifty to ninety-nine (death is assumed at
age one hundred). In the Danish case, there is only a limited use for spousal
information, as calculation of benefits is almost entirely on an individual
basis and does not depend on the spouse’s entitlement, although adjust-
ments are made to the benefit level for marital status in some of the pro-
grams. Neither dependent benefits nor survivor benefits are relevant in the
Danish social security context.

We determine eligibility for OAP on the basis of age, and eligibility to
PEW on the basis of age and retrospective information on membership in
an unemployment insurance fund. Potential entry in to the special TBP
can also be determined on the basis of age, UI fund membership, and in-
formation on individual unemployment degree in the two years before po-
tential eligibility. Eligibility to disability pension is determined probabil-
istically, based on population averaged by year, age, and gender
participation rates in each of the three levels of the disability program.
Without access to health information, it is difficult to make a more precise
assignment to disability program eligibility. Finally, eligibility to PEP is ob-
served directly in the data. But while we can effectively analyze retirement
decisions of those who would be eligible for the major social security ben-
efits programs, it is not possible on the basis of these data to determine el-
igibility to employer-provided private pension plans.

3.4 Sample Descriptives and Earnings Projections

Sample descriptives are reported in tables 3A.11 and 3A.12 in appendix
A. The gender-specific means are shown both for the full sample (table
3A.11) and by PEW eligibility (table 3A.12). Means are taken across all
person-year observations within each gender group. On average, males are
around 56.6 years of age and females a few months younger. Around 17
percent of the males in the sample are eligible for PEW, although only 9
percent of females have accumulated the necessary years of membership in
an UI fund. In terms of incentive measures, the average accrual for males
is around $1,745, while for females it is $1,161. Both peak and option value
figures are about 1.4 times higher for males than females on average. About
9 percent of the males and 10 percent of the females are retired. Average
annual earnings for males are $35,970 while the corresponding figure for
females is only a little more than half, $19,368. In terms of occupational
ranking, males are more likely to be in skilled blue-collar managerial posi-
tions (especially top- and middle-management positions), and females are
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more likely to be in white-collar and the unclassified occupational cate-
gory.

When disaggregating by PEW status in table 3A.12, it can seen that
males who are eligible for PEW are on average two years older, have
slightly higher annual earnings ($36,406 versus $35,625), and are much
more likely to be in skilled and unskilled blue-collar jobs and less likely to
be in top- and middle-management jobs, compared to males not eligible for
PEW. In table 3A.12, females eligible for PEW are not that different com-
pared to uneligible females, except in terms of higher earnings ($23,138
versus $17,692), higher representation in white-collar and unskilled blue-
collar, and lower representation in the unclassified occupational category.

Annual earnings are top coded at the real 99.9 percent level. The (log
real) annual earnings regressions are based on a sample of workers aged
forty-nine to seventy in all the available years (1980–1995). A simple, age-
quadratic, individual fixed-effects specification is chosen for the log earn-
ings regressions, with separate regressions run by gender. In the Danish
case, as retirement benefits are largely independent of past earnings, the
benefit calculations in most cases depend only on most recent earnings and
not on earnings histories or projections. The only program that ties ben-
efits to past record is the PEP. For the purposes of earnings projections
of an individual’s expected earnings stream from work, a flat real age-
earnings profile is applied when going forward from the predicted earnings
in the last observed year of work.11

3.5 Construction of Incentive Measures

Central to the analysis are the construction of social security wealth
(SSW) and the calculation of the various incentive measures, which are
based on SSW and other data components. The construction of SSW is
complicated by the fact that there has been extensive reform of pension
programs in Denmark over the 1980–1995 period. Also, in the Danish con-
text, there are multiple policies, such as SDP and TBP, for older workers,
that need to be integrated (see the discussion in section 3.2).

We make the assumption that all expected future changes in eligibility,
generosity of programs, or both are unknown at each age. In other words,
the agent assumes in each calendar year, that the future social security sys-
tem will remain as it is in that calendar year. Table 3.6 summarizes the main
elements of the programs and their respective eligibility criteria.

We adopt a weighted-average income flow measure, in which the weights
are determined by empirical take-up rates of disability pension. These
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weights are calculated from the age, year, and gender disability rates within
the IDA sample. Thus, at each potential retirement age, the individual is
assumed to be eligible for disability pension with probability p and for one
of the other nondisability social security retirement programs with proba-
bility 1 – p. Within disability, the level of disability (highest incapacity,
middle incapacity, and lowest incapacity) is also determined on the basis
of population age- and gender-specific participation rates. Within the
nondisability social security programs, we allow one income flow for each
potential retirement age from fifty to sixty-nine depending on eligibility.
This is consistent with the Danish system in which individuals cannot draw
multiple pensions. The possible programs are PEW, the TBP, PEP, or no
pension. From the official retirement age of sixty-seven and onward, all in-
dividuals (independent of potential disability status) are entitled to OAP
and possibly PEP in addition, if eligible.12

Thus, suppose that with probability p, a person goes on disability
pension at age a, then the individual’s income flow at age a, IFLOWR, is
given by

IFLOWRa � (1 � p)(IFLOWRa
PEW or IFLOWRa

TBP or IFLOWRa
PEP

� pIFLOWRa
SDP, 49 � a � 66

and

IFLOWRa � IFLOWRa
OAP, a � 67,
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Table 3.6 Criteria for Program Eligibility

Program Eligibility Age Determines Eligibility Based On

PEW (post-employment wage) 60–66 Age and insurance fund 
information

TBP (Transitional Benefits 55–59 long-term unemployed Age and insurance fund and 
Program) from 1992 to 1996; 50–59 from unemployment info in two 

1994 to 1996 years prior to age

PEP (public employees pension) 60–69 Employer pension contribu-
tions over required period

SDP (social and disability 18–66 Probability: Based on observed 
pensions) participation rates by age, year, 

and gender in each of the three 
levels of the disability program

OAP (old age pension) 67 Age �67

12. Part of them will have supplementary income from labor market pensions or from
private arrangements that are not included in the present data and therefore are not covered
in the study.



where SSW is the present discounted value of future income flow. Our SSW
measure incorporates both broad changes in pension policy that took
place in the 1980–1995 period, as well as the detailed year-to-year reforms
in the generosity, taxation, and eligibility rules. The major reforms in this
period include the sweeping SDP reform of 1984 in which the so-called
widow’s pension and special pension rules for single women was cancelled.
In its place, the disability pension was broadened to include pensions
based on social criteria. A special retirement window, the TBP, was avail-
able starting in 1992 (and ending in 1996) for the long-term unemployed
between the ages of fifty-five and fifty-nine—later also between fifty and
fifty-four—who would fulfill the eligibility criteria for the PEW program
by age sixty. Finally, in 1993, there were benefit increases dependent on de-
layed retirement and other changes in compensation in the PEW program.

Tables 3A.1–3A.10 summarize the incentive calculations based on our
construction of SSW on the micro-data. Tables 3A.1–3A.5 present results
for the males, and tables 3A.6–3A.10 are the corresponding calculations
for the females. For each of the preceding samples, we present calculations
made for the overall sample, as well as specifically by the type of pension
program (PEW or not). Three incentive measures are considered: accrual,
peak value, and option value. The accrual is the accumulation in SSW if
the worker postpones retirement by a year. The option value is the differ-
ence between the maximum of the expected present values of retiring at
each future age minus the present value of immediate retirement. Thus, if
the option value is positive, the individual continues to work, otherwise he
retires. We assume a discount factor � is 0.97, the risk aversion parameter
� is 0.75, and the utility of a dollar of income while retired relative to a dol-
lar of income while working equal to 1.5, using values previously estimated
for the United States by Stock and Wise (1990). The peak value is simply
the option value under the assumptions of no risk aversion, and the same
utility from a dollar while working and a dollar while retired—i.e., (�, k) is
equal to (1, 1)—or what has been labeled the “financial option value” by
Coile and Gruber (2000).

We consider the worker at the median, tenth percentile, and ninetieth
percentile who retires between the ages of forty-nine and seventy. In gen-
eral, working another year can affect SSW in the following ways.

• By working another year, the worker who is less than sixty-seven may
forgo a year of benefits through either SDP or early retirement (TBP
plus PEW, or early PEP) if he meets eligibility criteria. This will lower
net SSW.

• The worker who considers retiring at fifty-nine (instead of sixty) would
be entitled to receive early retirement benefits starting the next year
only, which would lead to a big increase in SSW at retirement age sixty.

• Between the retirement ages of sixty and sixty-seven, working another
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year can lead to accumulating an additional year of “pension rights”
in the PEP program (if the worker is eligible) that increase the pension
that can be drawn after sixty-seven and therefore SSW.

• At retirement age sixty-seven, we would expect another spike in SSW,
reflecting the availability of OAP.

• Finally, if a worker chooses to work after sixty-seven, this would mean
forgoing a year of social security benefits available to all, which would
mean a shorter interval over which social security can be collected and
therefore lower net SSW.

Table 3A.1 reports median SSW and median, tenth percentile, and
ninetieth percentile accrual figures for the males, together with the stan-
dard deviation of accrual and the rates of taxes and subsidies, which is the
change in SSW relative to what the worker could have earned over the com-
ing year. Median SSW increases slowly up to retirement age sixty (last
work age fifty-nine) and declines thereafter. This is also seen in the median
accrual, which is positive up to age sixty (the first age of eligibility of early
retirement through PEW) and then turns negative. The negative accrual
clearly reflects the actuarial unfairness of the benefits system such that the
gain in wage earnings from postponing retirement are more than offset by
the loss in future social security benefits.

The corresponding subsidies are in the range of 10–15 percent before re-
tirement age sixty and taxes of 15–35 percent after sixty. Thus, this would
indicate that there are strong incentives to retire through PEW in the Dan-
ish system. However, at retirement age sixty-seven, accrual turns positive
again and the tax becomes a subsidy of 40 percent. This sudden reversal in
sign at retirement age sixty-seven is possibly a result of pooling together
workers of different eligibilities (namely those eligible for PEW and those
not eligible for PEW and only eligible for either OAP or PEP) who respond
differently to program incentives. Thus, a sizable fraction of our sample
(mostly low-wage earners) retire through PEW, while the remainder (high-
wage earners) have incentives to remain in the labor force until age sixty-
seven (see the discussion in section 3.2).

This is also confirmed in part by considering separately the tenth and
ninetieth percentile in the SSW distribution. At the tenth percentile in table
3A.1, accruals follow the expected pattern, positive up to retirement age
sixty and negative thereafter. At the ninetieth percentile, accrual is always
positive, but a has a double-peaked profile at last work ages fifty-nine and
sixty-six (the relatively larger of the two), reflecting the large gain in SSW
by continuing to work until program eligibility. Variability in SSW (stan-
dard deviation) increases with age, reaching a maximum at retirement age
sixty-seven, as some are eligible for PEP in addition to OAP and others not.

In table 3A.2, we present peak value and option value calculations at the
median, tenth percentile, and ninetieth percentile for the males. Peak and
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option value are measured in utility terms and are therefore not compa-
rable to accrual figures. Both are positive but declining throughout the age
interval, indicating a propensity to continue working even at older ages.
Thus, retirement incentives, as measured by option and peak value, seem
to be weak in the Danish system. Although, it should be pointed out that
these figures are typically higher at the ninetieth and lower at the tenth per-
centile relative to the median.

Program-induced incentives are difficult to detect when the sample is
pooled irrespective of program eligibility. This is because, as described in
section 3.2, a significant fraction retires through the PEW program at age
sixty or shortly thereafter, while the remainder retires at age intervals up to
sixty-seven. The two groups are heterogeneous in terms of their work his-
tory and expected replacement rate of income through social security, and
therefore large selection effects may be present when pooling the data.

In tables 3A.3–3A.5, we regenerate the incentive calculations for the
subsamples eligible for PEW and those uneligible. The latter is relatively
more heterogeneous, consisting of individuals retiring through disability,
PEP, or, in most cases, only through OAP (compare standard deviations of
the incentive measures and SSW across the two groups). We report only re-
sults at the median here. Looking at the age distribution of accrual by PEW
eligibility in table 3A.3, it is clear that strong early retirement incentives are
present for those who are eligible for PEW. In this case, accrual is positive
until retirement at age sixty and turns sharply negative thereafter. Work is
encouraged (subsidies of 9–17 percent) in the forty-nine to sixty retirement
age group, and work is heavily taxed after that with taxes ranging from
about 10–40 percent. For those not eligible for PEW, the story is not as
clear due to the mixing of different groups (see previous discussion), but
the tax on work at older ages is clearly lower than for the PEW-eligible per-
sons ranging from about 1–6 percent.

Tables 3A.4 and 3A.5 report the distribution of the forward-looking
measures separately by PEW eligibility. Both peak value and option value
measures are positive and declining throughout for both samples and are
roughly comparable in magnitudes.

Tables 3A.6–3A.10 present similar calculations for the female sample.
Several features are worth noting in comparison to the male sample. Me-
dian SSW is higher for women at retirement ages forty-nine to fifty-five and
sixty-seven to seventy. In the earlier age groups, women have higher rates
of participation in disability and therefore higher SSW (as well as pre-1984
access to widow’s pension). In the highest age group, the working women
present in the sample may not be representative in terms of their access to
different pension schemes. In the normal retirement age interval, men have
higher SSW.

At the median, one-year accruals are smaller for women than men at all
ages, indicating a smaller incentive to keep working before sixty and a
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smaller incentive to retire after sixty. This is also seen in the relatively
smaller tax and subsidy rates for women. The female sample is also more
homogeneous in terms of the variability of SSW, accrual, peak value, and
option value (compare standard deviations in tables 3A.6 and 3A.7 to
those in 3A.1 and 3A.2).

Peak and option value are smaller for women, although the same order
of magnitude (compare tables 3A.2 and 3A.7). The 10-90 split is not as
clear-cut in the case of the female sample. While at the tenth percentile, ac-
cruals turn negative from retirement age fifty-eight and onward at the
ninetieth percentile, accruals turn negative at retirement age sixty-one but
positive again at age sixty-seven. This indicates that some selection effects
may be present due to pooling together of heterogeneous groups who may
be retiring at different times due to program-induced incentives (see table
3A.6). Females eligible for PEW (like males) also exhibit a clear preference
for early retirement, although in this case, retirement begins for the median
worker at age sixty-one, perhaps due to the delayed retirement incentive
present in PEW. (PEW benefits are 90 percent of previous wage up to a
maximum UI-benefit ceiling for the first two and a half years on PEW
starting at age sixty, and 80 percent thereafter until age sixty-six. If retire-
ment is first taken at age sixty-three, benefits can be collected at the higher
90 percent rate for the rest of the remaining period under PEW.) Median
SSW for females on PEW is higher than that for males at all retirement
ages, perhaps indicating that the average female on PEW also has access to
other types of social insurance. Retirement income for this sample is also
more variable (see table 3A.8). Women eligible for PEW also exhibit
slightly smaller (but still positive and declining with retirement age) peak
value and option value than men, indicating a lower tendency towards
postponing current retirement (see tables 3A.9 and 3A.10).

In the Danish case, therefore, the driving force behind the age-incentive
structure seems to be program rules and eligibility. As social security is
funded through general taxes, no payroll tax–induced work disincentives
can be expected. Except for the delayed retirement incentive in the PEW
described above, no actuarial adjustments are made to benefit levels for
later retirement through OAP (a “waiting supplement” was phased out in
1983). The PEP program is actuarially adjusted, as a reduction in benefit
amount is present for retirement before age sixty-seven, with the reduction
depending on age at retirement and number of pension years that have
been accumulated up to the point of retirement. However, as only a frac-
tion of the labor force is eligible for this program in our sample period, this
effect is unlikely to be reflected in the data. The old-age social security sys-
tem in Denmark works mainly as a safety net, providing a basic guaranteed
income at older ages. This redistributive function explains why low-wage
workers face a fairly high replacement rate while higher-wage workers re-
sort to labor market pensions and private pensions to make up for the
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rather low compensation through the social security system (cf. the discus-
sion in section 3.2).

3.6 Estimation

We estimate an option value–based model of retirement (see Stock and
Wise 1990) in which an individual compares the expected value of retiring
today to the expected value of continuing to work today and postponing
retirement until the best possible future age of retirement. Thus, for the in-
dividual, the value of working from age t to age r – 1, and then retiring at
age r is given by

Vt (r) � ∑
r�1

S�t

�S�tUW (YS) � ∑
S

S�r

�S�tUR [BS(r)],

where UW is the instantaneous utility of work that takes as its argument a
worker’s income, and UR is the instantaneous utility of retirement and is a
function of retirement benefits that depend on the worker’s retirement age,
and � is the discount factor.

Let EtVt (r) be the expected value at age t of working through r – 1 and re-
tiring at r, and let EtVt (t) be the expected value of current retirement, and
let r∗ be the value of r that maximizes EtVt (r). Then, the individual will
postpone retirement if the option value Gt (r∗) is positive.

Gt(r∗) � EtVt (r∗) � EtVt (t) 	 0

Otherwise, the person retires at age t. Utility specifications allow for risk
aversion through the parameter �. The parameter k measures the utility of
a dollar of income obtained while retired relative to the utility of a dollar
of income obtained while working. Thus, if k 	 1, then a dollar of income
while retired gives greater utility than a dollar of income accompanied by
work. The utility functions are

UW (YS ) � YS
� � 
S ,

UR (BS (r)) � [kBS (r)]� � �S .

A simple alternative to a full-blown maximum likelihood estimation of
the option value model is to specify retirement in terms of the gain from
continuing to work, computed on the basis of some assumed values for �,
k, and �, which can then be used to calculate income.13 Assuming that re-
tirement depends on this calculated option value as well as other determi-
nants (observed and unobserved), a probability model of retirement (for
example, probit) can be specified as
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Pr(retire in year t) � Pr[� � �Gt (r∗) � X � εt 	 0],

where the dependent variable is binary and takes the value 1 if retired, 0 if
not, and where G(�) is the option value of postponing retirement (in other
cases the peak value or the accrual measure) calculated under the assumed
parameter values, and X is a vector of additional variables.

Thus, any changes in social security plan provisions that would affect
income and benefits and hence the retirement decision are reflected in
changes in G(�) and captured by the parameter �. The larger the option
value, the greater is the gain from postponing retirement—that is, � should
be negative in the probit regression.

The sample for the probit regression is all individuals aged forty-nine to
seventy in our data, which is 2 percent of the population of workers. Every-
one is assumed to have retired before age seventy-one. Observations on in-
dividuals are pooled in the analysis, and individuals are retained up to and
including the year of retirement. The results of this probit regression anal-
ysis can be found in table 3A.13, where the first panel presents the results
for the male sample for each incentive measure (accrual, peak value, and
option value), and the second panel shows the corresponding results for fe-
males. These regressions use as controls a full set of demographics: sector,
earnings, and higher powers in earnings. For each incentive measure, we
report two alternative specifications with a linear age term or with age-
specific dummies. The social security measure is also included in addition
to the incentive measure in all the specifications in order to capture the
wealth effects of the system. The incentive measures can then be thought
of as capturing the substitution effects.

In terms of goodness of fit as measured by the pseudo-R2, all three mod-
els yield comparable fits in the range of 0.24–0.37. The option value gives
the best fit when age enters linearly, while the accrual model explains the
data the best when age dummies are used in place of a linear age term. This
is true for both males and females. For all incentive measures, the specifi-
cation with age dummies yields a better fit, for both males and females. In
all cases, fit is marginally better for males than females.

All coefficients are highly significant, except the coefficient on SSW in
two out of the twelve cases. For the males, the coefficient on the incentive
measure is estimated negative (as it should be) in all cases except in the ac-
crual model with linear age. The coefficient on the SSW variable is positive
in all cases. Thus for males, the greater the incentive measure (particularly
the forward-looking ones), the greater is the incentive to continue working,
and the higher the accumulated SSW, the higher is the probability of re-
tirement. For females, the coefficient on SSW is in all cases positive, and
the coefficient on incentive is negative, except in the accrual model with lin-
ear age. Again, for the most part, retirement wealth and incentive mea-
sures have the expected effects.
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Besides improving fit, for both males and females, adding age dummies
seems to yield signs and significance that conform to prior expectations. In
terms of the estimated coefficients on the incentive measures, the peak and
option value give the conventional signs in all cases, while the accrual
model does so only in the case with age dummies.

The retirement hazard and the profile of the age dummies from the esti-
mations for women and men are shown in figure 3B.1 in appendix B. The
age dummies reflect very clearly the main rules in the major retirement pro-
grams, that is, the spikes at sixty and at sixty-seven reflecting the PEW en-
titlement and the universal entitlement to OAP, respectively. In the next
section, we carry out some simulations of the impacts of policy changes on
retirement probabilities.

3.7 Policy Simulations

In this section, we describe the results arising from two kinds of policy
simulations.14 First, in what we label the three-year reform, we raise the age
of first eligibility of all early retirement programs and normal retirement
by three years. Thus, the age of first eligibility to PEW and early retirement
through PEP is increased by three years (from sixty to sixty-three), and the
age of first eligibility of TBP-UI is also delayed by three years, from fifty-
five to fifty-eight. The normal OAP retirement age is increased by three
years. The age- and gender-specific probability of disability for those aged
sixty to sixty-two is assumed to be that probability observed in the data at
age fifty-nine, and for those aged sixty-three to seventy the age- and gen-
der-specific probabilities are those observed in the data for individuals
three years younger.15

In the second policy simulation, which we call the common reform, we
simulate the response to imposing a single unified plan with the following
features

• An early entitlement age of sixty
• A normal retirement age of sixty-five
• A replacement rate of 60 percent of projected age-sixty earnings if

claimed at sixty-five
• A 6 percent per year actuarial reduction for claiming before sixty-five
• A 6 percent per year actuarial increase for claiming after sixty-five
• No other pathways to retirement (i.e., SDP or UI)

For each type of policy reform, we model the effect of age on retirement
in three different ways. The first approach is to implement the reforms on
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the model with a linear age specification by recomputing SSW and apply-
ing the new SSW and accrual values to the estimated coefficients from that
model and thereby deriving new retirement rates. This is referred to as
simulation type S1. Note that the linear age specification will imply that
people will have a greater preference for retirement as they age, as prefer-
ences for leisure rise smoothly with age. As a variant, we try using age dum-
mies in place of the linear age in the estimation in order to capture any non-
linearities in the effect of age, thus allowing for spikes at the early and
normal retirement ages (or at other program-induced variations) and non-
monotonicities in the demand for leisure at various ages. However, the es-
timated age dummies are not applied in the simulation. This is done in sim-
ulation type S2. As S2 most likely attributes too much of an effect to the age
dummies (by including all program-induced spikes) and too little to the
SSW measure, we try a variant to S2, which we label S3, that compensates
for this. Under this approach, we use the estimated age indicators in a way
to simulate the change in retirement due to the program. For example, in
the case of the three-year reform, S3 shifts the profile for share in retire-
ment at different ages (age-retirement) forward by three years by assigning
the age-sixty-three dummy to age sixty and the age-sixty-four dummy to
age sixty-one, and so forth. In the case of the common reform, age dum-
mies are adjusted in a way as to retain the effect on retirement age of early
and normal retirement and the expected increased desire for leisure at
older ages but also to take out the effect of other retirement programs.16

Thus, by shifting the age dummies, S3 loads all of the estimated effect to the
program changes, while S2 likely minimizes the effect of program changes.
Therefore, S2 and S3 can be thought of as bounding the prediction, while
S1 falls in the middle. We expect that in the Danish case, like most other
countries, S3 will give the largest estimated effect because the age of eligi-
bility is key to the retirement decision, as evidenced in section 3.5, and S2
will give the smallest effect.

Results of the simulation exercise appear in table 3A.14 and in figures
3B.2–3B.10 for males and figures 3B.11–3B.19 for females (see appendixes
A and B). There are nine figures in all for each gender (three simulation
types for each of the three incentive measures). Each figure has two por-
tions, the first showing the predicted hazards for the baseline, the three-
year reform, and the common reform and the latter showing the cumula-
tive probabilities, or the proportion of the sample that retires at each age.

Table 3A.14 compares baseline average retirement age to average pre-
dicted retirement age under each of the two reforms, applying each type of
simulation to each of the three incentive measures. Looking at the results
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16. The actual adjustment involves identifying the spike at the first eligibility age (not due
to early retirement) and linearizing the age-retirement profile up to the early retirement age
on the basis of the implied annual growth rate in retirement attributed to this program. Also,
the retirement profile is made linear between normal and early retirement ages.



for males, we see that while the baseline retirement age ranges from be-
tween 60.27 to 60.77 years, the three-year reform leads to predicted retire-
ment ages between 60.28 and 62.59 years, while the common reform results
in average retirement ages ranging from about 60.38 to 61.23 years. In fact,
under the three-year reform, all specifications predict higher retirement
ages compared to the baseline, the only exception being the accrual case
with the S1 assumption. Under the common reform, five of nine cases pre-
dict a higher average retirement age than baseline. Simulated average re-
tirement ages are close for the peak value and option value estimates and
predict a 0.9–3.1 percent rise in the average retirement age under the three-
year reform, and a modest fall in the average retirement age of about 1 per-
cent in some cases (S3), while a slight rise in the average retirement age of
about 0.6–1 percent in some cases (S2 and sometimes S1) under the com-
mon reform. All specifications show, however, that there is a definite differ-
ence in the Danish case as to whether or not age is entered linearly or cap-
tured through dummies and whether or not variation induced by other
program eligibility is smoothed out in the age-dummy specification (i.e.,
between S2 and S3). The effects also vary depending on whether the incen-
tive measure adopted is forward-looking or myopic. However, there is not
a lot of difference between the two forward-looking measures. Very similar
patterns are evidenced for the women in table 3A.14.

While table 3A.14 shows the effects of each reform on the average retire-
ment ages in our sample, to get an idea of how the changes resulting from
each of the reforms are distributed across the age profile, we compare base-
line retirement age hazards to simulated hazards for each specification, for
each reform type, for each gender.

Looking at figures 3B.2–3B.10 for males, we see that regardless of the in-
centive measure being considered, the baseline hazard lies between the
common reform (higher hazard) and the three-year reform (lower hazard).
This is true irrespective of whether age is entered linearly or captured
through dummies. That is, retirement is predicted to increase with the com-
mon reform but decrease under the three-year reform. This is due to the
generosity of the proposed common reform compared to the existing sys-
tem, in terms of a higher average replacement rates and the earlier avail-
ability of normal social security benefits.

Note that the S2 and S3 hazards in general show much more variability
because of the use of age indicators, while the S1 hazard by definition rises
smoothly with age.

Interestingly, the baseline hazard reproduces the early and normal peaks
at first availability ages (sixty and sixty-seven) in the accrual case only,
while in the peak and option value cases, the early peak occurs first at age
sixty-one, probably reflecting actuarial adjustment of PEW in a setting
with forward-looking behavior.

Comparing the relative effects of the different assumptions to our pri-
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ors—the expectation that S3 should give the biggest effect and S2 the
smallest effect, while S1 should lie in the middle—we see that at least for
the peak and option value incentive measures, S3 predicts the greatest de-
crease in retirement, S2 the smallest, and S1 an intermediate decrease.

For example, looking at the cumulative retirement probabilities for the
male sample, the decline in the proportion of fifty to sixty-five year olds
who would retire following the three-year reform compared to the baseline
is approximately 13 percentage points under S1, 6–7 percentage points un-
der S2 and 17–18 percentage points under S3 in peak and option value
cases. Only in the accrual case does S1 give a smaller impact (in fact, a 1
percentage point increase in the proportion of fifty to sixty-five year olds
who retire) than S2 (7 percentage point decrease) and S3 (15 percentage
point decrease), but recall that the accrual model with the S1 assumption
gave the worst fit and a positive sign on the incentive measure.

Looking at the effects of the common reform on the cumulative distri-
bution functions, again we see that S3 gives the greatest impact (in this
case, increasing retirement), while S2 and S1 predict much smaller effects
but still imply increased retirement, and S1 is bounded by S2 and S3 for all
three incentive measures. For example, in the case of the forward-looking
incentive measures, S1 predicts a 6 percentage point increase in retirement
in the fifty to sixty-five age range, S2 predicts a 5 percentage point increase,
and S3 predicts a full 27 percentage point increase. In the case of the ac-
crual measure, S1 predicts an 8 percentage point increase in retirement, S2
actually predicts a 2 percentage point decrease in retirement, while S3 pre-
dicts a 23 percentage point increase in the proportion of fifty to sixty-five
year olds who retire.

In general, comparing across both types of reforms, all three incentive
measures exhibit similar age-retirement hazards, although peak and op-
tion value estimates, both being forward-looking, are closer. In fact, the
treatment of age and type of reform seems to make a bigger difference to
the predicted retirement patterns than the type of incentive measure being
considered. This derives from the fact that, in the Danish case, very similar
coefficients were estimated on SSW and the incentive measure (except for
accrual and linear age) in the probit regressions.

Comparing the relative impacts of the reforms across the age profile
(hazards), we again see that quite substantial effects are associated with
both the reforms under S3 assumptions and more modest impacts with S1
and S2 assumptions. For example, using option value estimates, the S2
specification produces hazards that are bunched fairly tightly around the
underlying baseline hazard (less than 0.05 difference in hazards), with the
common hazard lying slightly above and the three-year hazard slightly be-
low the baseline. Moving to S3, we see that by making the profile linear be-
tween the early (sixty-one) and normal (sixty-seven) peaks, the common
reform distributes the mass of retirement between these two ages so that
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there is dramatic upward shift of the hazard between sixty-two and sixty-
six. In the three-year case, the simulated hazard is shifted to the right so
that the early and normal peaks now appear at ages sixty-four and seventy.
Similar results are obtained in the peak value case.

Figures 3B.11–3B.19 show the comparable predictions for the females.
For the females, we focus only on the figures pertaining to the option value
incentive measure (3B.17–3B.19), as this model gives both precise esti-
mates and an equally good fit for males and females. The results here are
fairly similar to those for the males. The baseline retirement rate of the fifty
to sixty-five year-old group is much higher than in the male sample, con-
firming the greater incidence of early retirement among women in Den-
mark. In fact, almost 92 percent are retired under S1 and 78 percent under
S2 and S3. The comparable figures for the males (option value) are 79 per-
cent (S1) and 72 percent (S2 and S3). The relative effects of the two reforms
are the same for men and women, although the predicted effects of the re-
forms on the female sample are slightly smaller. Under the three-year re-
form, S1 predicts a 7 percentage point decrease, S2 predicts a 4.5 percent-
age point decrease, and S3 predicts a 13.5 percentage point decrease in the
proportion of fifty to sixty-five year-olds who retire. Under the common
reform, retirement is predicted to increase, just as for the males. Looking
at the cumulative retirement probabilities in the fifty to sixty-five age
group, S1 predicts a 2 percentage point increase, S2 predicts a 1.3 percent-
age point increase, and S3 predicts a 21 percentage point increase.

To summarize, the three-year reform would delay retirement while the
common reform would bring it forward, and the actual extent of these
changes is quite sensitive to the treatment of the age effect. That is, the
specification with age dummies (in which the program effect is maximized)
shows large effects using both types of reforms, whereas the linear age
specification and the simple age-dummy specification produce more mod-
est effects. As pointed out earlier, the age-dummy specification in general
produces a better fit of the data and produces signs and significance that
conform more closely with prior expectations than the linear age model, so
that simulated effects arising from this model can be considered particu-
larly relevant.

3.8 Conclusions

We model the impacts of incentives on retirements on micro-data using
a 2 percent sample of the Danish population. An interesting aspect of re-
tirement in Denmark is that, compared to most other OECD countries,
participation is high in the sixty to sixty-six age group, despite the avail-
ability of a multitude of exit routes from the labor market. A possible ex-
planation is that the financial incentives to retire early are strong among
low-wage earners. Whereas for high-wage earners, the replacement rate is

The Impact of Incentives on Retirement in Denmark 181



typically low, creating financial incentives to continue working in the six-
ties. We construct a measure of SSW that integrates multiple policies, such
as OAP, early retirement, disability, and retirement options for the long-
term unemployed. The implicit tax rates derived from this measure con-
firm our expectations that there are tax rates on continued work for the
lowest decile after the start of early retirement eligibility, while work is en-
couraged at older ages for the highest decile. Estimations of a probability
model of retirement show that the provisions of the social security system
play an important role in determining retirement behavior in Denmark. In
particular, forward-looking incentive measures, such as peak and option
value, have the expected significantly negative effect on the probability of
retirement, both with a specification in which age is entered linearly as well
as with a full set of age dummies. In the Danish data, for both males and
females, the option value gives the best fit when age enters linearly, while
the accrual model fits the data the best when age dummies are used instead.
Furthermore, the specification with age dummies generally fits the data
better than the specification with the linear age term. A simulation of
changes in the social security system reveals that while a policy reform de-
signed to raise the first eligibility age of early and normal retirement will
increase the average retirement age, a common policy reform that replaces
all programs by a single, unified plan with a 6 percent actuarial adjustment
will reduce it. However, the simulated impacts vary according to the treat-
ment of age and, to a lesser extent, to the incentive definition that is used.
Assuming forward-looking behavior and allowing for variation in pro-
gram availability and in age-specific demands for leisure that affect the age-
retirement profile, we find quite a large delaying impact of the three-year
reform on the retirement of men and women in Denmark.
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Appendix A

Table 3A.1 Distribution of One-Year Accrual (males)

Median 10th 90th Median
SSW Median Percentile Percentile Tax

Age ($) ($) ($) ($) SD Rate

49 143211.98 — — — 0.00 —
50 147333.55 3953.19 3025.39 4380.95 1124.24 –0.103
51 151533.75 4077.58 3002.89 4606.97 1209.03 –0.108
52 155283.28 4092.34 2988.55 4636.06 1314.57 –0.108
53 159540.84 4257.56 2784.72 5058.67 1438.41 –0.115
54 164108.61 4375.28 2218.49 5153.81 1538.61 –0.119
55 168756.02 4352.42 2118.35 5261.59 1647.33 –0.121
56 173405.06 4533.42 1571.86 5248.23 2440.39 –0.124
57 178059.63 4712.42 1357.88 5576.45 2648.25 –0.129
58 182432.17 4670.63 1074.46 5560.48 2813.21 –0.131
59 185462.44 4875.97 971.26 5627.75 3030.70 –0.138
60 188715.20 4899.05 818.62 5962.23 3210.62 –0.151
61 172423.08 –11974.49 –14443.27 594.59 6131.92 0.298
62 154982.63 –11541.14 –15033.03 497.30 6237.18 0.257
63 138475.11 –7624.74 –15450.25 334.98 6295.76 0.239
64 125049.11 –4436.73 –12360.71 774.72 4954.03 0.149
65 108636.64 –4943.47 –12102.69 463.85 5032.07 0.144
66 91859.85 –3456.88 –11265.78 413.28 4795.36 0.135
67 90699.14 16647.82 –11969.81 25003.32 15860.04 –0.401
68 81051.21 –2563.63 –3751.34 723.87 3238.97 0.063
69 75878.41 –2678.45 –3525.67 535.21 3044.00 0.054
70 73303.66 –2607.57 –3226.49 663.25 2807.40 0.053

Note: SD = standard deviation. Dashes indicate that the data is not applicable.
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Table 3A.6 Distribution of One-Year Accrual (females)

Median 10th 90th Median
SSW Median Percentile Percentile Tax

Age ($) ($) ($) ($) SD Rate

49 158875.05 — — — 0.00 —
50 163250.86 3778.25 2148.21 4875.30 1037.87 –0.171
51 167168.27 3629.19 1824.48 4587.98 1113.12 –0.162
52 170994.97 3474.39 1609.57 4594.31 1190.89 –0.156
53 174423.78 3494.22 1463.80 4563.17 1287.50 –0.153
54 177859.48 3567.14 1282.34 4799.66 1409.93 –0.154
55 180839.23 3430.91 1127.76 4745.67 1482.65 –0.157
56 183404.34 3137.95 597.71 4329.91 2210.97 –0.138
57 185599.83 2974.00 38.72 4210.06 2362.08 –0.128
58 187222.30 2525.63 –782.88 4010.81 2439.66 –0.117
59 187168.89 2036.66 –1361.98 3870.95 2464.56 –0.104
60 186051.48 1506.25 –1685.02 3618.73 2632.93 –0.085
61 127766.96 –3049.71 –13152.69 –463.41 5261.08 0.256
62 121948.33 –2988.79 –13205.45 –354.95 4920.24 0.262
63 110386.89 –3318.54 –13535.91 –1270.05 4588.36 0.296
64 102262.80 –3635.62 –11325.13 –1862.73 3625.02 0.341
65 97501.88 –4370.25 –11328.67 –2338.30 3425.55 0.401
66 91118.83 –5056.95 –9928.78 –2427.97 3139.08 0.492
67 101632.31 15095.95 –9779.96 21295.80 11449.18 –1.219
68 97780.57 –759.34 –3172.29 769.04 1958.09 0.060
69 94683.20 –226.01 –3189.26 619.16 1838.10 0.022
70 92215.84 525.07 –3237.77 557.57 1872.84 0.039

Note: SD = standard deviation. Dashes indicate that the data is not applicable.
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Table 3A.14 Average Retirement Age in Simulations

Simulated Reform

Plus Three Difference Common Difference
Baseline Years from Baseline Reform from Baseline

Males
Accrual

S1 60,44432 60,28469 –0.15963 6,38432 –0.06000
S2 60,27340 60,63449 +0.37009 60,95542 +0.68202
S3 60,27340 62,28802 +2.01462 59,60625 –0.66715

Peak value
S1 60,76490 62,12958 +1.36468 61,18836 +0.42346
S2 60,68337 61,23892 +0.55555 61,08496 +0.40159
S3 60,68337 62,57302 +1.88965 60,09098 –0.59239

Option value
S1 60,77458 62,16372 +1.38914 61,23221 +0.45763
S2 60,69852 61,32813 +0.62961 61,13278 +0.43426
S3 60,69852 62,59626 +1.89774 60,14049 –0.55803

Females
Accrual

S1 60,44432 60,28469 –0.15963 60,38432 –0.06000
S2 60,27340 60,64349 +0.37009 60,95542 +0.68202
S3 60,27340 62,28802 +2.01462 59,60625 –0.66715

Peak value
S1 60,76490 62,12958 +1.36468 61,18836 +0.42346
S2 60,68337 61,23892 +0.55555 61,08496 +0.40159
S3 60,68337 62,57302 +1.88965 60,09098 –0.59239

Option value
S1 60,77458 62,16372 +1.38914 61,23221 +0.45763
S2 60,69852 61,32813 +0.62961 61,13278 +0.43426
S3 60,69852 62,59626 +1.89774 60,14049 –0.55803



Appendix B

Fig. 3B.1 The retirement hazard and age dummies: A, Males; B, Females
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