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Chapter 1

Introduction

The last few decades have witnessed dramatic demographic changes throughout
the industrialized world. Since the 1960s the average life expectancy has increased
by 10 years. Over the same period the total fertility rate has fallen from 3.2 to
1.8 children per woman. As a direct consequence of these trends, the number of
inactive people that are over 50 years old is projected to double by 2050 (OECD
(2006)). Population aging is not a new phenomenon, but as the baby boom
generation approaches retirement, the effects of population aging are expected to
be more drastic this time (see Weil (1997)).

Due to a reduction in the share of the working age population, per capita
growth rates are anticipated to fall by around 30 percent over the next three
decades relative to the average growth rate of 2 percent per year over the pe-
riod 1970 to 2000 (Bloom and Canning (2005), Martins et al. (2005)). On the
other hand, as a result of the advances in medical technology, retirees claim on
average social security benefits for more years than forty years ago, which gen-
erates considerable financial pressure on public transfer programs. Forecasts in
the US suggest that by 2030 public health care expenditure will account for al-
most one-third of GDP and the payroll tax rate needs to be raised from 12 to
17 percent, to guarantee a balanced budget for social security (Lee and Skinner
(1999)). Outlooks for other industrialized countries are similar or even worse.

Faster productivity growth and inflows of immigrants can only partially offset
population aging (Weil (1997), Lee (2003)). Hence, complementary reforms are
needed to cope with the challenges of population aging. The aim of this dis-
sertation is to explore the economic consequences of population aging in three
different areas and to discuss policy implications.

Chapter 2 relies on time-use surveys to examine trends in market work, non-
market work, and leisure time in five industrialized countries over the last thirty
years. Since time is a necessary input in nearly all economic activities, the alloca-
tion of time essentially determines the relative price of goods and services. More-
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2 INTRODUCTION

over, provided that leisure activities generate utility, a country’s leisure distribu-
tion is another aspect to take into consideration when examining the dispersion of
living standards. Because the allocation of time is amongst other things a func-
tion of education, number of children, and age, population aging has potentially
large effects on how much time people spend on different activities. Therefore, in
my analysis I adjust for changes in the demographic structure, which allows the
disentanglement of demographic from behavioral effects on time use. I find that
leisure time across countries has converged over time. Specifically, leisure time
has declined five to eight hours in countries that had high leisure levels thirty
years ago and has increased around one hour in the other countries. For men the
reduction in leisure was driven by an increase in nonmarket work, while women
dramatically increased time allocated to market work and decreased nonmarket
work time. Decomposing the differences in market work, nonmarket work and
leisure into demographic and behavioral components suggests that cross-country
convergence is the result of decreasing differences in the allocation of time within
demographic groups rather than decreasing differences in demographics. Lastly, I
show that, like in the USA, leisure inequality has increased in all sample countries.

The adverse economic effects caused by demographic aging are compounded
by a dramatic decline in the labor force participation rates of older men. In the
OECD countries, for example, the labor force participation rate of males aged 55-
64 has decreased from 80 to 65 percent, although the general health has improved
(OECD (2006)). The existing literature has shown that the public old-age pen-
sion system induces enormous incentives for early retirement (Gruber and Wise
(1998) and Blöndal and Scarpetta (1999)), which are strongly correlated with
the retirement behavior of older workers (Burtless (1986), Krueger and Pischke
(1992), Samwick (1998), and Coile and Gruber (2007)). However, in many coun-
tries the disability insurance (DI) program has become an important pathway for
early retirement even before the early retirement age. Chapter 3 exploits a policy
change in the eligibility criteria for disability benefits in Austria to examine how
stricter disability screening of older workers close to retirement affects their labor
supply behavior. Using data on the universe of private sector workers in Austria,
the empirical analysis suggests that stricter eligibility rules significantly impact
disability enrollment. Specifically, the share of disability recipients in the affected
age group drops by 11-14 percentage points, after the reform is implemented. The
empirical analysis also shows that the reform in the disability insurance program
has important spillover effects into other government programs providing income
replacement in the case of separation from the labor market for economic or
health reasons. Specifically, the share of individuals receiving unemployment or
sick leave benefits increased by 9-11 percentage points, after the policy change
became effective. On the other hand, the estimates indicate that the policy
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change had only modest employment effects; employment increased by roughly 3
percentage points.

The increase in life expectancy raises questions with respect to the adequacy
of financial resources for the elderly. There is considerable skepticism in public
policy discussions that individuals are preparing adequately for retirement. In
particular, there is extensive literature documenting that household expenditures
fall significantly upon retirement, which has been interpreted as evidence for
undersaving of households (see Hurst (2008)). By guaranteeing a life-long stream
of payments, annuities provide an insurance against the risk of outliving one’s
assets in old age. However, when given a choice, only a minority annuitize their
pension funds (e.g. see Hurd et al. (1998) and Brown et al. (2001)). Chapter
4 sheds new light on this “annuity puzzle’. In 2004, most large Swiss insurance
companies reduced the conversion rate by almost 20 percent. These conversion
rates are used to calculate a life-long annuity based on the accumulated retirement
capital in the super-mandatory part of the second pillar, providing approximately
20 percent of total retirement income for an average retiree. I take advantage of
this change in policy to establish a causal relationship between the annuity value
and cash-out behavior. My findings indicate that due to the price change there
was an approximately 8 percentage point change in the share of men choosing to
annuitize their savings. Moreover, I show that the responsiveness of the cash-out
decision to variation in a utility based measure for the annuity value is comparable
to results of previous studies, which employed completely different sources of
variation in the annuity’s value.
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Chapter 2

The Role of Demographics in the

Allocation and Distribution of

Time: A Cross-Country Analysis

written jointly with Monika Engler

CHAPTER PREVIEW: In this paper, we use time-use surveys to
examine trends in the allocation of time in five industrialized countries
over the last thirty years. Adjusting for changing demographics, we
find that leisure time across countries has converged over this period.
Specifically, leisure time has declined five to eight hours in countries
that had high leisure levels thirty years ago and has increased around
one hour in the other countries. For men the reduction in leisure was
driven by an increase in nonmarket work, while women dramatically
increased time allocated to market work and decreased nonmarket
work time. Lastly, we show that, like in the USA, leisure inequality
has increased in all of the sample countries.

5



6 ALLOCATION AND DISTRIBUTION OF TIME

2.1 Introduction

In a recent article Aguiar and Hurst (2007) write: “How changes in the time spent
in leisure experienced in the United States compared to changes in time spent in
leisure in a broad group of other industrialized countries remains an important
area for further research” (p. 1001). By studying trends in the allocation of time
in five industrialized countries over the last thirty years, this paper addresses
just this aspect of current research. More specifically, we examine differences in
the evolution of market work, nonmarket work, and leisure across countries net of
demographically driven changes. A Blinder-Oaxaca type decomposition allows us
to break down the the cross-country differences into demographic and behavioral
components. Furthermore, we analyze how the dispersion of leisure within a
country has changed over time and investigate to what extent observed trends
can be attributed to changes in the distribution of leisure across educational
groups.

According to Becker (1965), time is a necessary input in nearly all economic
activities. Hence, the allocation of time essentially determines the relative price
of goods and services. In addition, the allocation of time is important from a
welfare perspective. Provided that leisure activities generate utility, focussing on
income only to measure economic well-being is potentially misleading. There-
fore, a country’s leisure distribution is another aspect to take into consideration
when examining the dispersion of living standards. Most of the existing time-use
studies are based on labor force survey data to document trends in market work
hours (see, e.g., McGratten and Rogerson (2004)). Apart from being plagued
with measurement errors (see Juster and Stafford (1991)), labor force surveys
typically do not distinguish between nonmarket work and leisure. This distinc-
tion is important, given that a substantial part of the production activities takes
place outside the market. Moreover, since home production can mostly be sub-
stituted by market goods, distinguishing nonmarket work from leisure is relevant
for the understanding of how how changes in the real wage affect market labor
supply.

In contrast, the Multinational Time Use Survey (MTUS) data used in this
study contains detailed records on each activity carried out during the day. Based
on these records, we can construct aggregate measures for leisure and nonmarket
work which allow us to obtain a more appropriate picture of the effective nonmar-
ket workload borne and leisure time enjoyed. In addition, because the variables
recorded in the MTUS are cross-nationally harmonized, observed trends in the
allocation of time can be directly compared across countries.

Our results indicate that leisure time across countries has converged over
time. More specifically, the countries with the highest leisure levels thirty years
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ago (Canada, the UK and the Netherlands) experienced a decline in leisure time
of five to eight hours, while leisure increased by about one hour in the USA and
Norway. For men, the reduction in leisure was driven by an increase in nonmarket
work, except for the USA and Norway, where the increase in nonmarket work was
compensated for by a decline in market work hours. Women increased market
work by four to nine hours per week and decreased nonmarket work time up to
twelve hours. Decomposing the differences in market work, nonmarket work and
leisure into demographic and behavioral components suggests that cross-country
convergence is the result of decreasing differences in the allocation of time within
demographic groups rather than decreasing differences in demographics.

We analyze trends in market work, nonmarket work and leisure separately for
three groups of different levels of education. In all countries less educated adults
enjoy more leisure than their highly educated counterparts. Moreover, the gain
(drop) in leisure is significantly larger (smaller) for less educated adults than for
those with at least a secondary level of education, resulting in a growing dispersion
of leisure time across educational categories. Given that education is closely
linked to a person’s income potential, this suggests that the disproportionate
income gains of the highly skilled over the last few decades, as documented by
Katz and Autor (1999), came at the expense of a relative loss in leisure time.
Hence, the welfare gap across different income groups may be less pronounced
than the evolution of the income distribution alone implies.

The growing leisure gap across different educational categories has contributed
to an overall increase in leisure inequality in all countries. Moreover, we show that
even within educational categories leisure time has diverged, thereby reinforcing
the overall dispersion of the leisure distribution. Interestingly, the increase in
leisure inequality occurred simultaneously with a well documented increase in
wage inequality (see Katz and Autor (1999) and Blau and Kahn (1996)).

Our work adds to the existing literature in several ways. While the literature
on time-use trends is rich for the USA (see Robinson and Godbey (1999), Bianchi
et al. (2000), Sayer et al. (2004), Fisher et al. (2007)), evidence on European
countries is rare and the findings ambiguous (see Chenu (2003) for France, Burda
et al. (2006) for Germany and Italy and van den Broek et al. (2004) for the
Netherlands). Even rarer are time-use studies that compare different countries
over time. Juster and Stafford (1991) and Gershuny (2000) document convergence
in time-use in a cross-country context. However, aside from examining trends over
a longer time horizon, none of these studies adjusts for demographic changes.
Potentially, these changes could have a large effect on the results in that the
average individual thirty years ago was younger, less educated and more likely to
have children.

One exception is the article by Aguiar and Hurst (2007), which is most closely
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related to the present study. Using time use data for the USA over the period
1965 to 2003, they find that adjusted for demographics, leisure time in the USA
increased by five to eight hours per week. In addition, they document a growing
dispersion of leisure time over the same period. Our work extends these findings
in three important aspects. First, we show that in other countries demographi-
cally adjusted time spent on market work, nonmarket work, and leisure evolved
differently. Second, by applying a Blinder-Oaxaca decomposition, we can ex-
amine the origins of cross-country differences with regard to how time is used.
Third, we show that the increase in leisure inequality documented for the USA
can be generalized to other industrialized countries.

This paper is structured as follows. In the next section we discuss our data
and describe our strategy to adjust for demographic changes. In Section 2.3 we
present the trends in market work, nonmarket work and leisure over time and
examine the determinants of cross-country differences in these aggregates. We
continue the empirical analysis with an examination of the leisure distribution in
Section 2.4. Section 2.5 concludes.

2.2 Data

We use data from the Multinational Time Use Survey (MTUS) to analyze the
allocation of time across different countries.1 The MTUS, located at the Uni-
versity of Essex, provides cross-nationally harmonized time-use data for fifteen
countries. The activities of one day (1440 minutes) are recorded by 41 harmo-
nized variables. We use these harmonized variables to create time-use aggregates
of interest such as core and total market work, core and total nonmarket work
and different measures of leisure. In addition, the MTUS registers the respon-
dent’s age, sex, education, employment status (including retirement and student
status), as well as the number of children in the household, and the year the diary
was completed. Education is harmonized based on the International Classifica-
tion of Education (ISCED) and takes on three values: uncompleted secondary or
less, completed secondary, and above secondary education. To ensure that the
data is representative of the total population and that each day of the week is
equally represented, we use the survey weights contained in the MTUS.

Table 2.1 provides an overview of the countries and surveys used in this paper.
Given that our aim is to examine cross-country trends in the allocation of time
over a long period of time, our main sample consists of all countries, for which
we have data over a period of 25 years or more. This restriction leaves us with
five countries: the USA, Canada, the UK, the Netherlands and Norway. For

1The data can be obtained from the following page: http://www.timeuse.org/mtus/
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each country, the first survey was conducted in the seventies and the most recent
around the year 2000. Our sample restrictions are as follows: First, we exclude
all individuals that are younger than twenty or older than sixty-five as well as
students and retirees. Second, we require that the respondents’ diary adds up to
24 hours (1440 minutes) and has no more than 15 minutes of unclassified time.
Finally, we drop all individuals with missing information on education or on the
day the survey was conducted. The fourth and fifth column of Table 2.1 list the
sample size for each survey before and after imposing the restrictions.

Table 2.1: Description of Time-Use Data

Country Survey Length of observed Total sample Analysis sample Time-use

coverage time period per respondent size size categories

USA 1975 24 hours 1,895 1,811 87

1985 24 hours 3,467 3,205 88

1992 24 Hours 5,817 5,331 91

2003 24 Hours 14,722 13,708 406

Canada 1971 24 Hours 1,958 1,942 100

1981 24 Hours 2,076 1,965 272

1986 24 Hours 7,140 6,794 99

1992 24 Hours 6,518 6,187 167

1998 24 Hours 7,951 7,054 178

UK 1975 24 Hours 10,941 9,537 73

1983 24 Hours 6,708 6,247 185

1995 24 Hours 1,362 1,175 31

2000 24 Hours 6,133 5,175 268

Netherlands 1975 7 Days 972 909 354

1980 7 Days 2,043 1,930 354

1985 7 Days 2,453 2,398 354

1990 7 Days 2,361 2,272 354

1995 7 Days 2,540 2,424 354

2000 7 Days 1,230 770 354

Norway 1971 24 Hours 2,253 2,182 97

1981 24 Hours 2,491 2,377 97

1990 24 Hours 2,342 2,175 123

2000 24 Hours 2,720 2,080 265

Notes: The analysis sample size indicates the number of observations of each survey we use in our analysis. It

deviates from total sample size in that we exclude all individuals who are younger than twenty or older than

sixty-five as well as students and retirees. We require that the respondents’ diary adds up to 24 hours and has

no more than 15 minutes of unclassified time. Moreover, we drop all individuals with missing information on

education or on the day the survey was conducted.

As the last column of Table 2.1 shows, the number of time-use categories
in the original survey varies considerably across surveys and countries, which
potentially affects the comparability across countries and over time. The 2003
USA survey, for example, includes 406 different categories whereas the 1995 UK
survey consists of only 31 categories. The MTUS team makes a great effort to
recode these time-use categories into the 41 harmonized variables. Moreover, in
most of the cases we focus on broad time aggregates, which are relatively invariant
to the number of time-use categories in each survey.
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Over the last twenty years, the population structure in all sample countries
has undergone significant changes. Today, the average respondent is older, more
educated, and has fewer children. Because these changes are likely to affect the
allocation of time, we hold the demographic composition constant for most of the
analysis. In doing so, we separate out simple demographic or structural effects on
average time use and gain insight into the behavioral changes in time allocation.

To adjust for changes in the demographic structure we follow Aguiar and Hurst
(2007) and construct a set of demographic cells defined by certain attributes.
More specifically, we divide our sample into subgroups defined by five age groups
(20-29, 30-39, 40-49, 50-59, 60-65), two sex categories and whether there is a
child present in the household (except for the age group 60-65). This gives us
a total of 18 demographic cells. We pool together all surveys per country and
calculate the percentage of each demographic cell in the population. To calculate
demographically adjusted means for activity j, we multiply these 18 country-
specific weights, which are constant across time, with the cell means for activity
j in year t. When calculating means for subsamples (e.g. only women or men),
we adjust the weights accordingly to sum up to one.

2.3 Trends in the Allocation of Time

To get a general idea, we first examine the three main time-use aggregates market
work, nonmarket work, and leisure.2 Subsequently, we focus in more detail on
the evolution of different subcategories contained in nonmarket work and leisure.

Market work encompasses working hours in paid main and second jobs, includ-
ing overtime and time spent working at home. In addition, it contains job-related
activities such as commuting time, meal and other breaks during working hours,
as well as job seeking activities. In the tradition of Reid (1934), nonmarket work
includes all unpaid production outside the labor market, which could be substi-
tuted by paid goods and services.3 It ranges from routine tasks such as cooking,
washing clothes, and cleaning (referred to as core nonmarket work) over child
care, shopping, and gardening to “odd jobs” like repair work or paperwork (see
Table A.1 in the Appendix for a detailed description of the time-use categories).
The first broad measure for leisure is defined as residual hours per week after
subtracting total market and total nonmarket work.

Figure 2.1 presents the hours per week spent in total market work on the
horizontal axis and the hours per week spent in total nonmarket work on the
vertical axis. The dotted lines represent loci with a constant total workload and

2If not stated differently, we report figures adjusted for demographic changes as described

in the previous Section.
3In the following, nonmarket work is also referred to as unpaid work or home production.
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indicate the level of leisure. The farther the loci are situated from the origin, the
higher the combined market and nonmarket workload, the lower the leisure time.

The figure demonstrates that since the early seventies the USA and Norway
have been able to slightly increase their leisure level by about one hour. In the
USA, this is due to a reduction in market work time, while in Norway it comes
from a reduction in nonmarket work of four hours which compensated for the
increase in market work by three hours. However, leisure has decreased by five
to eight hours in Canada, the UK and the Netherlands. The decline was driven
by an increase in total market work in Canada and the Netherlands, and by an
increase in nonmarket work in the UK.

Figure 2.1: Trends in Main Time-Use Aggregates, Average Hours per Week
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These findings contrast sharply with the notion of a “leisure-bent Europe”,
which dominates the literature on working hour differences between the USA
and Europe (see, e.g., Bell and Freeman (2001), Prescott (2004), or Alesina et al.
(2005)). It also stands in contrast with Schor (1991) and Hochschild (1997) who
argue that the USA tended towards longer working hours in the second half of
the twentieth century, which ultimately led to increasingly exhausted individual,
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family, and occupational routines. Instead of using the productivity gains to free
up time, i.e. producing the same output in less time, the USA – unlike Western
Europe – chose to steadily increase the output per unit of time (Schor (1991)).

On closer inspection, however, these inconsistencies are not surprising. First,
most of the existing articles use data from labor force surveys to analyze market
work. Given that this data usually does not contain information on nonmarket
work, leisure is necessarily defined as all time outside of paid work. But, clearly,
this notion is not accurate, as not all unpaid activities have a leisure charac-
ter. Time-use surveys, on the other hand, collect detailed data on the different
nonmarket activities and therefore allow us to disentangle nonmarket work from
leisure activities.

Second, there is also evidence that in the case of market work, time-use sur-
veys provide more reliable information than conventional surveys. The reason
for this is that time-use survey data is not collected with stylized questions4, but
instead by means of an activity diary as a memory-supporting, as well as disci-
plining device. According to Chenu and Lesnard (2006), this approach reduces
the respondents’ tendency to overestimate the duration of more desirable activ-
ities and to underestimate less popular tasks. Moreover, labor force surveys are
likely to reduce the true variance in hours of market work as respondents tend
to report the common, contractually agreed hours of work per week (Juster and
Stafford (1991)).

Third, and maybe most important, changes in the demographic structure
across countries and over time have to be taken into account. Jacobs and Gerson
(2001), for example, argue that while the average working time of the economi-
cally active population has hardly changed since the 1970s, the average working
time of the overall population may well have increased, given the shift from the
single breadwinner family to the double income and single-parent families who
have always been subject to greater workload. Similarly, a slower population
aging process in the USA as compared to Europe, implies higher average working
hours in the USA, due to the greater share of working individuals in the overall
population.

Table 2.2 shows the main time-use aggregates for the full sample as well as
differentiated by sex. By comparing the first observation (period 1970-1975) with
the last observation (period 1998-2003), we observe several things. First, male
market work fell considerably in the USA, the UK, and Norway and increased in
the other countries. Today, male core market work, i.e. working hours without
commuting time, lies between 35.6 to 40.2 hours per week and total market work
between 40.0 to 44.6 hours per week. Among women, market work has risen

4Stylized questions ask for time use in the form “How much time did you spend in activity

X during the last week/the last month?”
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substantially in all countries over time, demonstrating the growing female labor
market participation. In UK and Norway, the increase was great enough to
compensate for the decline in male market work. Generally, female total market
work today ranges between 24.8 and 29.1 hours per week, with the exception of
the Netherlands where, despite the rapid growth during the last decades, women
still perform less than 20 hours per week of paid work.

Second, as with market work, the average trend in nonmarket work in the full
sample masks differences across sexes. Inspecting Table 2.2 reveals that total male
nonmarket work has increased by 2.1 to 8.5 hours per week, whereas for women
nonmarket work fell up to 11.8 hours per week, primarily due to the substantial
withdrawal from core nonmarket work (cooking, washing clothes, and cleaning).
In the USA and Norway, the increase in male nonmarket work was compensated
by the decline in total market work, while the rise of female market work was
counterbalanced by the decrease in nonmarket work, both leading to a higher
level of leisure time. In Canada, the UK, and the Netherlands, on the other
hand, the increase in male nonmarket and female market work, respectively, was
accompanied by a drop in leisure time.

Third, for men and women, leisure time - like market and nonmarket work
- has converged across countries over the last decades. What remains, however,
is a gender gap. Despite the large increase in total market work, women today
still have 107.2 to 114.5 hours leisure time per week which means that they enjoy
0.5 (USA) to 6 (the Netherlands) hours more work-free time per week than their
male counterparts.

Aguiar and Hurst (2007) find an increase of residual leisure time of 2.6 hours
for men and 0.6 hours for women over the period 1975 to 2003.5 With an increase
of 2.2 hours male leisure time and an unchanged amount of leisure for women,
our results for the USA are very similar. For the remaining differences there
are several reasons: First, as the original population weights are not included
in the MTUS, we rely on the self-constructed population weights by the MTUS
team, which are potentially less precise, given that they only adjust the surveys
to represent the age-gender distribution. Second, MTUS time-use categories are
in general more aggregated than the time-use categories of the original survey,
thereby preventing the exact imitation of the time-use aggregates Aguiar and
Hurst (2007) used in their paper. Finally, our baseline demographic adjustment
does not take into account education, as we would have to exclude Norway in
this case.

5Note that these numbers relate to Table III (p. 977) in Aguiar and Hurst’s paper, but

are net of child care time (reported in Table II, p. 976). As Aguiar and Hurst (2007) do not

include child care in nonmarket work, their residual leisure time, referred to as Leisure Measure

4, contains child care time.
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Table 2.2: Average Hours per Week Spent in Main Time-Use Aggregates

USA Canada UK Netherlands Norway

Panel 1: Full Sample
Core market work
first obs. 33.69 28.33 27.52 16.50 28.38
last obs. 32.44 31.98 27.84 24.79 30.92
change -1.25 3.66 0.32 8.29 2.54
Total market work
first obs. 36.78 30.98 30.49 19.10 30.92
last obs. 35.22 35.37 31.63 28.37 34.05
change -1.56 4.38 1.13 9.28 3.13
Core nonmarket work
first obs. 12.43 13.58 13.27 14.97 18.09
last obs. 8.33 11.19 12.17 11.84 12.09
change -4.10 -2.38 -1.10 -3.13 -6.00
Total nonmarket work (without child care)
first obs. 23.12 22.53 20.87 25.35 26.59
last obs. 21.92 21.47 22.66 21.79 20.95
change -1.19 -1.07 1.79 -3.56 -5.65
Total nonmarket work
first obs. 25.74 25.83 22.66 28.68 29.95
last obs. 26.29 26.31 26.46 26.90 25.59
change 0.55 0.47 3.80 -1.78 -4.36
Leisure (residual)
first obs. 105.46 111.17 114.84 120.16 107.13
last obs. 106.47 106.33 109.83 112.16 108.28
change 1.01 -4.84 -5.01 -8.00 1.15
Panel 2: Men
Core market work
first obs. 46.64 40.08 41.40 30.66 41.62
last obs. 39.03 40.23 35.61 38.00 37.43
change -7.61 0.15 -5.78 7.34 -4.19
Total market work
first obs. 51.06 43.94 45.59 35.75 45.30
last obs. 42.63 44.59 39.96 43.46 41.04
change -8.43 0.65 -5.63 7.71 -4.26
Core nonmarket work
first obs. 2.57 3.58 1.92 3.76 4.32
last obs. 4.29 5.64 6.38 5.32 7.43
change 1.72 2.06 4.46 1.56 3.11
Total nonmarket work (without child care)
first obs. 12.43 12.89 9.19 11.85 14.65
last obs. 17.19 15.27 16.33 12.93 17.19
change 4.76 2.38 7.14 1.09 2.54
Total nonmarket work
first obs. 13.55 14.02 9.84 13.48 16.01
last obs. 19.76 18.15 18.37 15.60 19.61
change 6.21 4.13 8.52 2.12 3.59
Leisure (residual)
first obs. 103.38 110.02 112.57 118.70 106.69
last obs. 105.60 105.26 109.59 108.51 107.28
change 2.21 -4.75 -2.97 -10.19 0.60
Panel 3: Women
Core market work
first obs. 22.95 18.43 16.18 7.33 16.05
last obs. 26.97 25.04 21.50 16.23 24.86
change 4.02 6.61 5.31 8.90 8.81
Total market work
first obs. 24.95 20.07 18.17 8.30 17.52
last obs. 29.08 27.60 24.82 18.59 27.54
change 4.14 7.53 6.65 10.29 10.02
Core nonmarket work
first obs. 20.60 21.99 22.54 22.23 30.91
last obs. 11.67 15.87 16.90 16.06 16.42
change -8.93 -6.12 -5.65 -6.17 -14.49
Total nonmarket work (without child care)
first obs. 31.97 30.65 30.41 34.11 37.72
last obs. 25.85 26.68 27.83 27.53 24.45
change -6.12 -3.97 -2.58 -6.57 -13.27
Total nonmarket work
first obs. 35.85 35.78 33.14 38.53 42.94
last obs. 31.71 33.17 33.07 34.23 31.17
change -4.14 -2.60 -0.06 -4.30 -11.77
Leisure (residual)
first obs. 107.18 112.13 116.70 121.11 107.54
last obs. 107.19 107.22 110.02 114.54 109.21
change 0.01 -4.91 -6.68 -6.58 1.67

Notes: This table presents the means of the main time-use aggregates adjusted for changes in the demographic

structure, as described in Section 2.2. ‘First obs.’ refers to the first available survey per country (period 1970-

1975), ‘last obs.’ to the last survey (period 1998-2003). For the definitions of the time-use categories, see Table

A.1 in the Appendix.
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2.3.1 Trends in Nonmarket Work

This section analyzes the composition of nonmarket work in greater detail. Fig-
ure 2.2 illustrates the evolution of the different nonmarket activities over time.
Gender specific time trends are reported in Table A.2 in the Appendix. Several
aspects are apparent. First, independent of gender, the amount of time spent on
child care has grown in all countries. Cooking, on the other hand, has strongly
decreased for women by 3.6 to 8.7 hours per week and slightly increased for men
by 0.7 to 2.3 hours. A similar gender pattern is apparent for housework, which
overall has barely changed over time. Yet, women nowadays spend 1.6 to 5.8
hours per week less on housework than they did 30 years ago, while men in-
creased their involvement in housework by 0.4 to 2.4 hours per week. Shopping is
an important component of nonmarket work. This holds particularly true for the
USA. But also in the other countries, a non-negligible amount of time is spent
on shopping, which, except for Canada, has grown over time.

Figure 2.2: Nonmarket Activities, Full Sample
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Freeman and Schettkat (2005) argue that USA households spend less time
on nonmarket activities compared to their European counterparts, because they
are more inclined to substitute household work by paid domestic services, which
in turn allows women to participate in the labor market. Indeed, as Table A.2
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indicates, women in non-US countries spend 16 to 17 hours per week on cooking
and housework, whereas in the USA they spend only 12 hours per week. The
corresponding numbers for men are 5 to 7 versus 4 hours. However, if all the
components of nonmarket work are taken into consideration, total nonmarket
hours in the USA and Europe are approximately the same, not least because in the
USA the time gained on cooking and housework is invested in shopping. Overall,
the opposite trends in cooking and housework for men and women, together with
the dissemination of labor-saving domestic technologies, have lead to smaller
gender differences in nonmarket work, a point which is also made by Sullivan
and Gershuny (2001). However, today women still spend 11.6 (Norway) to 18.6
(Netherlands) hours per week more in nonmarket work than men.

2.3.2 Trends in Leisure

To analyze how time spent on different leisure activities has evolved across coun-
tries over time, we construct an alternative leisure measure denoted leisure II.
This measure is narrower than the residual leisure measure and contains watch-
ing TV, reading, following one’s hobbies, sleeping, relaxing, eating (at home) and
personal care.6 Thus, leisure II omits activities with little recreational charac-
ter, such as completing an education, undergoing medical treatment, or religious,
political, and voluntary engagement.

Figure 2.3 presents the evolution of the different subcategories summarized in
leisure II over time.7 Nowadays, the average worker enjoys between 103.4 (US)
to 110.3 (Norway) hours of leisure per week. Leisure time for women and men
differs by approximately two hours, except for the Netherlands, where women
enjoy about 5 hours more leisure time than men do.

Across countries several common time-use patterns are observed. First, except
for the UK, sleeping (which includes relaxing, sunbathing and having sex) has
increased over time by 0.3 to 2.4 hours per week, amounting to a total of around
60 hours per week. Yet the activity that has increased most over time is TV
consumption (between 0.9 to 5.6 hours per week), which was accompanied by a
simultaneous decrease in reading of up to 4.1 hours per week. Subtracting sleeping
from the leisure time, individuals spend nowadays 24.1% (the Netherlands) to
35.1% (US) of their leisure time in front of the TV. Apart from reading, people
in general also spend less time on eating and personal care (by 1.0 to 5.9 hours
per week). Changes in time-use pattern across countries are more diverse for
hobbies and socializing.

In general, trends go in the same direction for men and women, although

6This corresponds to leisure measure 2 in Aguiar and Hurst’s paper (2007).
7Leisure data separated by gender can be found in Table A.3 in the Appendix.
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Figure 2.3: Leisure Activities, Full Sample
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they differ in magnitude. Leisure time, as reported by leisure measure II, has
decreased for men and women, except for the USA (men) and Norway (women).
Despite the predominant decline in leisure time, both sexes spend more time on
TV consumption than in the seventies. All of the other activities, except for
sleeping, have mostly fallen over time. On average, women sleep longer and tend
to spend more time on eating and personal care as well as socializing, but less
time on hobbies and TV consumption than their male counterparts. The amount
of time spent on reading is comparable for men and women across countries.

In his seminal work Linder (1970) coined the term of the “harried leisure class”,
which reflects the idea that individuals try to pack ever more activities into their
disposable free time, thereby striving to imitate the growing yield of market
work. Robinson and Godbey (1996) speak in this context of “time-deepening”,
meaning that activities today are generally sped up, longer lasting activities are
more often replaced by activities that take less time, or several activities are done
simultaneously. However, our analysis suggests that there is predominantly more
time spent on passive leisure activities, notably TV consumption and sleeping.
Therefore, leisure may be perceived as more stressful not because the number of
potential leisure activities has increased in the first place, but rather because the
disposable time for active leisure activities has decreased.
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2.3.3 Demographic vs. Behavioral Differences between Coun-

tries

Until now, we have reported the developments of time aggregates adjusted for
demographics within countries. While time-use trends are similar across coun-
tries, there is still considerable variation in the allocation of time, which could
be caused by differences in the allocation of time within demographic groups or
by differences in the demographic structure between countries. To examine the
underlying causes of cross-country differences, we use a Blinder-Oaxaca type de-
composition similar to Aguiar and Hurst (2007) ) and separate for each country
the differences in the main time-use aggregates (market work, nonmarket work,
and leisure) compared to the USA into demographic and behavioral components
as follows

W F
i Y

F
i −W F

USY
F
US = (W F

i −W F
US)Y

F
US + (Y F

i − Y F
US)W
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i (2.1)

for the first survey, and
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L
US = (WL

i −WL
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i − Y L
US)W

L
i (2.2)

for the last survey. Y F
i is a vector of cell (demographic group) means for a

specific time-use aggregate (e.g. market work) in the first survey F in country
i. W F

i is a vector of weights for each demographic cell in country i in the first
survey. The term (W F

i −W F
US)Y

F
US therefore represents the time-use difference

between country i and the USA that is explained by a different demographic
structure, while (Y F

i − Y F
US)W

F
i corresponds to the time-use difference due to

behavioral differences. The decomposition of time aggregates in the last survey
is done in an analogously.

Figure 2.4 illustrates the decompositions of the main time-use aggregates for
the first (left) and the last survey (right).8 The first bar in each diagram presents
the (demographically unadjusted) level of total market work, total nonmarket
work, and leisure for the USA (i.e. W F

USY
F
US for the first and WL

USY
L
US for the

last survey). The dark-gray bars illustrate the hypothetical levels in the other
countries if they had the same demographic cell means as the USA and differed
only in the demographic structure (W F

i Y
F
US, WL

i Y
L
US). Clearly, the demographic

differences are not the main driver of the cross-country time-use variation; neither
in the first nor in the last survey period are the deviations substantial. However,
the light-gray bars, which reflect the effective time aggregates for the non-US
countries (W F

i Y
F
i , WL

i Y
L
i ), differ considerably from the US level.

In the first survey, the behavioral differences amount to -5.8 (UK) to -14.8
hours per week (the Netherlands) in total market work, -3.4 (UK) to 4.7 hours

8The numeric results can be found in Table A.4 in the Appendix.
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Figure 2.4: Composition of the Time-Use Differences between the USA and the
Non-US Countries
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(Norway) in total nonmarket work, and 4.5 (Norway) to 14.8 hours (the Nether-
lands) in leisure II. In the last survey, the behavioral differences are smaller, but
they still add up to 1.6 (Canada) to 8.5 more hours (the Netherlands) of leisure
time per week.

The persistence of behavioral differences leading to less market work and
more leisure time in Europe brings back the issue of leisure-bent Europe. Con-
trolling for cross-country demographic differences, European countries (as well as
Canada), today as in the past, appear to enjoy more leisure than the USA. This
holds true even if, as reported in the previous sections, the working-age popula-
tion in Europe increased market work hours and reduced leisure time since the
seventies. Yet, only in the Netherlands the inclination towards more leisure is
reflected in a low level of market work hours, primarily due to the relatively low
female labor market participation. In the UK and Norway, in contrast, total
market work hours today no longer deviate from the US level.

Nevertheless, one could argue that leisure time in Europe is higher, given
that individuals in the USA spend more time on activities that are neither part
of leisure measure II, nor market work or nonmarket work, such as religious, polit-
ical, and voluntary activities, completing an education, or undergoing a medical
treatment. Despite the fact that these activities have only partly a recreational
character, equating a higher participation in these activities with lower leisure
time is clearly exaggerated. Therefore, also in a more differentiated view, Europe
cannot generally be characterized as leisure-bent.

2.4 The Distribution of Leisure

In this section, we analyze how the leisure distribution within a country has
changed over time. Given that leisure contributes to individual well-being, the
leisure distribution is important as it provides an alternative estimate of the
welfare distribution, which is usually approximated by the income or wealth dis-
tribution. Zeckhauser (1973) argues that time is the ultimate source of utility
and thus attaches more weight to it than to household income. The allocation of
time to market work results in earnings, which make goods and services accessible
in the first place, but, in many cases, only the remaining time after market and
nonmarket work allows their consumption and beneficial use. According to Zeck-
hauser (1973), a good can be of value only to the extent that it can be combined
with time.

Rice et al. (2006) argue that an assessment of the individual welfare solely
based on income is potentially misleading. If high-income earners, for example,
spend more hours in market work and less time on leisure than their low-income
counterparts, their welfare level is lower than one would expect solely based on
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their earnings and might be even lower than the low-income earners’ welfare.
Therefore, Rice et al. (2006) rely on an augmented individual welfare function
that includes leisure time in addition to disposable financial resources.

Figure 2.5: Evolution of Leisure II Distribution
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Notes: All measures are reported in hours per week. The 90-10 Differential refers to the difference between

the 90th and the 10th percentile of leisure II. Accordingly, the 90-50 (50-10) Differential refers to the difference

between the 90th percentile and the median (the median and the 10th percentile).

To capture distributional trends in leisure over time, Figure 2.5 reports several
inequality measures for the first and last survey in each country. Focussing on
the standard deviation and the 90-10 differential, it can be observed that leisure
inequality has unambiguously increased. For the Netherlands, the difference be-
tween the 10th percentile and the median has slightly declined. But this effect
is outweighed by the strong increase at the top of the distribution, so that the
overall leisure distribution, as measured by the standard deviation and the 90-10
differential, has become more unequal. The strongest fanning out of the leisure
distribution has occurred in Canada, which now has the most unequal leisure
distribution among the countries in our sample. But, except for the Netherlands,
differences are fairly small across countries, which stands in contrast with the
large discrepancies in the wage distribution across countries reported by Blau
and Kahn (1996). Note, however, that the Netherlands is the only country that
reports weekly averages in the time-use surveys, which certainly diminishes the
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leisure dispersion to some extent, given that single-day outliers are smoothed out.
To gain insight into the driving forces behind the growing leisure dispersion

over time reported in Figure 2.5, we follow Aguiar and Hurst (2007) and apply the
methodology developed by Juhn et al. (1993) to decompose the country’s leisure
distribution. In particular, we first estimate the following equation separately for
each survey in each country

Yit = Xitβt + εit, (2.3)

where Yit corresponds to the time in leisure II for respondent i in survey year t and
X is a vector of 54 demographic cells dummies, which are obtained by subdividing
our 18 demographic groups according to the level of education (uncompleted
secondary or less, completed secondary, above secondary education). We choose
this finer set of demographic cells to capture changes in educational levels, which
would otherwise be summarized in the error term εit. However, for this exercise
and in what follows, we had to exclude Norway from the sample because the
country recorded education starting only in 1990.

Given that the residual term εit can be written as εit = F−1
t (θit|Xit), where

θit is the percentile of individual i in the residual distribution and F−1
t (θit|Xit) is

the inverse of the residual distribution function, we can rewrite (2.3) as follows

Yit = Xitβ + F
−1
(θit|Xit) +Xit(βt − β) + (F−1

t (θit|Xit)− F
−1
(θit|Xit)), (2.4)

where β is the coefficient vector of the demographic cell dummies from a pooled
regression of all surveys per country and F

−1
(θit|Xit) is the inverse of the corre-

sponding cumulative distribution function of the residuals. Note that the average
cell means β and the inverse average residual distribution F

−1
do not directly

depend on time, therefore all variation in Xitβ + F
−1
(θit|Xit) is due to demo-

graphic changes, Xit. On the other hand, Xit(βt − β) contains the additional
variation that is driven by changes in demographic cell means over time. Finally,
(F−1

t (θit|Xit) − F
−1
(θit|Xit)) captures changes in the distribution of unobserv-

ables.
Table 2.3 reports how important each of these components – demographics,

different cell means, and unobservables – is in explaining changes in the leisure
distribution over time. The first column lists for each country the total change of
the different inequality measures from the first to the last survey. Demographic
changes (reported in the second column) and changes in the cell means (reported
in the third column) explain a small fraction of the leisure dispersion in the
US, Canada, and the UK. In these countries, the bulk of the growing leisure
inequality is explained by unobservables (reported in the forth column). Only in
the Netherlands changes in demographics and in cell means explain much of the
change in leisure inequality. Nevertheless, unobservables also play a substantial
role.
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Table 2.3: Decomposition of the Change in the Leisure II Distribution

Total Demographic Cell Unobservables

Change Effect Means

Standard Deviation

USA 2.48 -0.07 -0.11 2.65

CAN 3.36 -0.10 0.13 3.32

UK 2.15 0.02 0.18 1.95

NET 0.04 0.29 0.93 -1.18

90-10 Differential

USA 7.58 -0.75 0.48 7.85

CAN 8.63 0.24 -0.01 8.41

UK 7.00 0.84 -0.53 6.69

NET 3.25 -0.63 6.10 -2.22

50-10 Differential

USA 4.08 0.23 0.39 3.46

CAN 2.40 -0.95 0.81 2.54

UK 3.50 -0.70 0.17 4.03

NET -1.50 -2.03 1.66 -1.13

90-50 Differential

USA 3.50 -0.99 0.10 4.39

CAN 6.23 1.19 -0.83 5.87

UK 3.50 1.54 -0.70 2.66

NET 4.75 1.40 4.44 -1.09

Notes: This table decomposes changes in the country’s distribution of leisure 2, measured by the Standard

Deviation, the 90-10 Differential, 50-10 Differential and the 90-50 Differential, using the methodology of Juhn

et al. (1993) described in the text. The first column shows the total change not adjusting for demographics, the

second column reports the portion of the change explained by demographic changes, the third column reports

the portion due to changing demographic cell means, and the last column is the remainder of the change due

to unobservables.

2.4.1 Leisure Differences between and within Educational

Categories

The average number of years an individual spends on education have increased
dramatically since the seventies. In the US, for example, 27 percent of the survey
respondents in 1975 did not complete secondary school and 41 percent had an ed-
ucation above secondary school, while in 2003 the corresponding numbers were 10
percent and 60 percent, respectively. Similar trends can be observed for the other
countries. Aguiar and Hurst (2007) argue that if leisure differs across educational
categories, changes in the educational attainment may have contributed to the
growing leisure inequality. To examine this hypothesis, we report in Table 2.4
demographically adjusted time spent on leisure measure II and its subcategories,
total market work and total nonmarket work broken down by level of education.
Trends in the allocation of time for men and women, according to their level of
education, can be found in Table A.5 in the Appendix.

Several relationships are apparent. First, today individuals with little edu-
cation enjoy more leisure than their highly educated counterparts. The leisure
gap between individuals without secondary education and individuals with more
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Table 2.4: Time Allocation by Educational Attainment
USA Canada UK Netherlands

I II III I II III I II III I II III
Leisure II
first obs. 108.09 101.88 98.07 108.64 110.81 108.27 114.87 113.42 115.99 117.97 114.81 115.03
last obs. 112.68 105.88 100.97 110.02 104.84 103.47 110.73 107.59 105.06 111.86 108.13 109.94
change 4.59 4.00 2.90 1.38 -5.97 -4.80 -4.14 -5.83 -10.93 -6.12 -6.68 -5.10
Sleeping
first obs. 59.86 57.50 56.26 57.19 57.60 57.01 62.77 62.79 64.49 60.00 58.58 59.40
last obs. 65.83 61.17 58.57 60.00 58.47 56.94 61.65 60.15 58.13 62.20 60.60 62.56
change 5.97 3.67 2.31 2.82 0.87 -0.06 -1.12 -2.64 -6.35 2.20 2.02 3.16
TV
first obs. 17.44 14.76 10.99 12.49 9.74 9.86 16.31 12.22 10.50 10.48 7.44 6.65
last obs. 20.59 17.49 13.46 15.96 13.67 11.67 17.90 15.36 12.15 14.30 10.99 9.24
change 3.15 2.73 2.46 3.47 3.94 1.81 1.59 3.14 1.64 3.83 3.55 2.59
Reading
first obs. 3.20 4.08 4.47 3.28 4.54 4.81 2.70 3.40 3.70 7.58 7.45 7.63
last obs. 1.40 1.52 2.54 1.94 2.24 2.93 2.52 2.94 3.62 2.97 3.18 4.39
change -1.80 -2.56 -1.93 -1.34 -2.30 -1.88 -0.18 -0.47 -0.08 -4.60 -4.27 -3.24
Hobbies
first obs. 5.99 5.01 6.33 8.60 9.19 9.30 6.02 8.19 10.85 10.59 10.02 12.64
last obs. 6.22 6.61 6.81 9.56 8.74 9.88 7.58 8.21 9.25 8.21 8.64 8.40
change 0.23 1.60 0.48 0.95 -0.45 0.58 1.56 0.03 -1.60 -2.39 -1.38 -4.25
Socializing
first obs. 9.96 7.92 7.42 10.39 12.57 11.39 11.12 10.52 9.99 14.66 16.21 14.10
last obs. 7.60 7.93 8.10 11.88 11.05 11.36 8.26 8.70 9.87 10.73 10.99 11.20
change -2.36 0.01 0.69 1.49 -1.52 -0.03 -2.86 -1.82 -0.13 -3.93 -5.22 -2.90
Eating &
personal
care
first obs. 11.65 12.61 12.60 16.69 17.17 15.90 15.95 16.30 16.45 14.66 15.12 14.62
last obs. 11.05 11.16 11.49 10.68 10.66 10.68 12.82 12.23 12.04 13.44 13.74 14.15
change -0.60 -1.45 -1.12 -6.01 -6.51 -5.22 -3.13 -4.07 -4.41 -1.23 -1.38 -0.47

Total
market
work
first obs. 32.16 37.09 39.81 30.85 28.80 31.87 30.60 31.63 27.38 17.61 22.35 23.66
last obs. 27.28 33.74 36.96 31.73 36.12 36.40 28.39 32.16 34.63 23.55 31.06 29.52
change -4.88 -3.36 -2.85 0.88 7.32 4.53 -2.21 0.52 7.25 5.95 8.71 5.86

Total
nonmarket
work
first obs. 25.44 26.05 26.05 26.89 25.55 24.17 22.23 22.95 24.14 29.50 26.90 25.98
last obs. 25.68 26.01 26.54 25.73 26.15 26.28 27.55 26.91 25.19 30.85 26.33 25.07
change 0.24 -0.03 0.49 -1.16 0.61 2.11 5.32 3.96 1.05 1.35 -0.57 -0.91

Notes: This table reports the hours per week spent in different leisure activities, total market work and total

nonmarket work separately for the three levels of education, uncompleted secondary or less (I), completed

secondary (II), and above secondary education (III). All means are adjusted for changes in the demographic

structure, as described in Section 2.2. ‘First obs.’ refers to the first survey available per country (period

1970-1975), ‘last obs.’ to the last survey (period 1998-2003). For definitions of time-use categories, see Table

A.1.

than a secondary education ranges from 1.9 (the Netherlands) to 11.7 (USA)
hours per week. Second, except for the Netherlands, the leisure gap between
those with a lower level of education and those with a higher level of educa-
tion has increased in all countries over time. This result is due to the fact that
less educated individuals reduced (increased) total market work more (less) than
highly educated individuals, while total nonmarket work is fairly similar across
educational categories, except for the Netherlands.

Interestingly, less educated individuals spend their additional leisure time
mainly on sleeping and TV consumption. In the US, for example, this group
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watches 7.1 hours, or 53 percent, more TV per week than individuals in the
highest education category. The difference is smaller in the other countries, but
with a range of 4.3 (Canada) to 5.8 (UK) hours per week still sizeable. The lower
TV consumption among the highly educated is partially offset by more reading
time. Differences in time spent on hobbies, socializing and eating and personal
care are in general small and follow no consistent pattern.

As Table A.5 shows that the leisure gap across educational categories persists
when breaking down the sample by gender. Within a given educational category,
the time spent on different leisure activities is very similar for men and women in
all countries, except for the Netherlands, where women have 4 to 6 hours more
leisure time than their male counterparts with the same education. Lastly, the
result from Table 2.2 that men spend more time on market work and less time
on nonmarket work than women is preserved when breaking down the sample by
education. However, for the highly educated the gender gap in total market work
and total nonmarket work is around 2 to 4 hours lower compared to the less well
educated.

One potential concern is that the growing leisure dispersion by education is
the result of differences in employment status across educational categories. In
particular, Aguiar and Hurst (2008) document for the USA a decline in employ-
ment of less educated men relative to more educated men, which suggests that
leisure time for less well educated individuals is higher because they are involun-
tary out of work.

To address this issue, we report in Table A.6 in the Appendix the demograph-
ically adjusted time spent in different leisure activities, total market work and
total nonmarket work according to the level of education for employed individu-
als only. Comparing the results for employed individuals with the full sample in
Table 2.4 reveals that the values are very similar. More importantly, the grow-
ing leisure dispersion across educational categories persists when restricting the
sample to employed individuals only. The largest differences can be observed
among the less-educated individuals in the USA, where market work increases by
around two hours and leisure time decreases by the same amount. In the other
cases, however, time-use aggregates for the employed differ at most by one hour
as compared to the full sample. These findings are perfectly in line with Aguiar
and Hurst (2008) who show that the increase in non-employment accounts for
less than thirty percent of the increasing leisure gap in the US.

Given the great differences in leisure time across educational categories, one
question of interest is to what extent leisure trends documented in Figure 2.3
are driven by changes in levels of education. To examine this issue, we perform
a Blinder-Oaxaca decomposition similar to Section 2.3.3. In particular, let Y t

j

denote the demographically adjusted (not for education) time spent in leisure of
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educational category j (j=low, middle, high) at time t, where t is the year of the
first or last survey. Let W t

j be the share of the jth educational category relative
to the total population at time t. By construction, average leisure time at time t
is given by Y t = W t

LY
t
L +W t

MY
t
M +W t

HY
t
H and the difference in leisure over time

can be decomposed in two ways

Y L − Y F =
∑

j=L,M,H

(WL
j −W F

j )Y L
j +

∑

j=L,M,H

W F
j (Y L

j − Y F
j ) (2.5)

=
∑

j=L,M,H

(WL
j −W F

j )Y F
j +

∑

j=L,M,H

WL
j (Y

L
j − Y F

j ) (2.6)

where in both cases the first term reflects changes in leisure due to different
weights assigned to the educational categories and the second term represents
changes in leisure within educational groups.

Table 2.5: Decomposition of Differences in Leisure II Due to Changes in Educa-
tion

Method I Method II

Demographically Different Different Different Different

adjusted difference Demographics cell means Demographics cell means

Leisure II Y L
− Y F ∑

(WL
j − WF

j )Y L
j

∑
WF

j (Y L
j − Y F

j )
∑

(WL
j − WF

j )Y F
j

∑
WL

j (Y L
j − Y F

j )

USA 1.13 -2.86 3.98 -2.35 3.48

CAN -3.72 -2.13 -1.59 -0.17 -3.55

UK -4.99 0.10 -5.09 1.35 -6.34

NET -7.10 -0.98 -6.11 -2.12 -4.98

Notes: This table reports for each country the two alternative Blinder-Oaxaca decompositions of leisure II

described in Section 2.4.1. The first column reports the demographically adjusted change in leisure II between

the first and the last survey. The second and fourth column report the differences in leisure due to different

weights assigned to the educational categories. The third and fifth columns represent the difference in leisure

time due to differences in leisure time within educational groups.

Table 2.5 presents for each country the two alternative decompositions of
the change in leisure. The first column reports the demographically adjusted
leisure difference. The second and the third column show the results applying
decomposition method 1 (equation 2.5), while the fourth and the fifth column
report the results using decomposition method 2 (equation 2.6). However, the
results only differ in magnitude and are as we expected. From Table 2.4 we
know that in the USA leisure increased for all educational categories, therefore
the difference in leisure within educational groups over time (column 3 and 5) is
positive. But due to the increase in education over time, leisure time decreased
by 2.4 (column 4) to 2.9 (column 2) hours. In the other countries, changes in
levels of education are less important in explaining differences in leisure. Rather,
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the bulk of the leisure difference is the result of changes in leisure time within
educational categories.

The growing leisure dispersion documented above is the mirror image of the
increase in wage inequality over the same period reported by Katz and Autor
(1999). This parallel trend of leisure and wage inequality is consistent with the
finding that less-educated adults increased their leisure time and decreased total
market work hours in comparison to highly educated adults. The relative growth
in leisure of the less educated is important from a welfare perspective, as it offsets
to some extent the simultaneous decline in relative wages. Moreover, Aguiar and
Hurst (2008) suggest that the lower wages of less educated adults potentially
reflect an endogenous choice to acquire less human capital, provided that less
educated adults value time more than expenditure in comparison to their highly
educated counterparts.

We conclude from the analysis above that the increase in the leisure inequality
is driven to some extent by the growing leisure gap across educational categories.
However, it is possible that changes in the leisure inequality within educational
categories contributed to the growing leisure inequality as well. To address this
issue, we report in Table 2.6 for each country the standard deviation and the 90-
10 differential of the leisure distribution within a given educational group for the
first and the last survey. The numbers clearly indicate that the leisure dispersion
within educational categories has increased. Only among highly educated adults
in the UK is leisure time today distributed more equally than in the past. Except
for the second education group in Canada and the Netherlands, the increase in
the leisure gap between the 90th and the 10th percentile is sizeable and ranges
from 5.7 to 11.4 hours.

Table 2.6: Leisure II Distribution Within Different Educational Categories

USA Canada UK Netherlands

I II III I II III I II III I II III

Standard Deviation

first obs. 25.97 24.40 23.81 26.94 26.74 26.28 23.94 24.02 26.28 16.15 12.25 13.11

last obs. 29.14 27.93 26.22 30.82 28.11 28.60 26.60 26.39 26.04 16.59 13.64 15.38

change 3.17 3.52 2.40 3.88 1.37 2.33 2.66 2.36 -0.24 0.44 1.39 2.27

90-10 Differential

first obs. 65.57 63.93 58.92 71.75 71.98 69.42 63.00 63.00 73.50 37.25 32.25 30.00

last obs. 77.00 74.08 69.07 81.67 72.92 76.65 70.00 70.00 68.83 43.00 32.00 36.75

change 11.43 10.15 10.15 9.92 0.93 7.23 7.00 7.00 -4.67 5.75 -0.25 6.75

Notes: The distributional measures are reported in hours per week and calculated separately for the three levels

of education, uncompleted secondary or less (I), completed secondary (II), and above secondary education (III).

The 90-10 Differential refers to the difference between the 90th and the 10th percentile of leisure II. ‘First

obs.’ refers to the first survey available per country (period 1970-1975), ‘last obs.’ to the last survey (period

1998-2003).
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2.5 Concluding Remarks

In this paper, we have documented time trends in total market work, nonmarket
work and leisure in the US, Canada, the UK, the Netherlands and Norway over
the last thirty years. To the best of our knowledge, our paper is the first to
compare time trends across countries over such a long period while adjusting
for demographic changes. Adjusting for demographics is important due to the
changes in the age distribution and family structure over this period. A second
innovation is the focus on the dispersion of leisure time, which has been analyzed
in the existing literature only for the USA by Aguiar and Hurst (2007). Moreover,
the time-use survey data used in this paper allows us to clearly distinguish leisure
from nonmarket work activities, which was typically not done in existing studies
using labor force survey data.

The allocation and dispersion of time is important for a number of reasons.
First of all, Becker (1965) argues that time is an essential input to transform
intermediate goods (e.g. groceries) into the final consumption good (e.g. the
prepared meal), from which utility is ultimately derived. Hence, how time is
allocated directly affects the relative price of goods and services and vice versa,
given that in most cases intermediate time inputs can be substituted by market
inputs. Secondly, a country’s leisure distribution is another aspect to take into
consideration when examining the dispersion of living standards.

Our results indicate that, firstly, over time leisure (as well as total market
work and total nonmarket work) has converged across countries. Leisure time
has dramatically decreased in countries that had high leisure levels thirty years
ago and has slightly increased in the other countries. This finding is robust to
different leisure measures. Using a Blinder-Oaxaca type decomposition we show
that the unconditional convergence across countries is due to decreasing differ-
ences in the allocation of time within demographic groups rather than differences
in demographics.

Secondly, breaking down time-use aggregates by levels of education reveals
that on average higher earnings of highly educated individuals come at the ex-
pense of less leisure and more work hours relative to less educated individuals,
potentially reducing welfare differences based on income comparisons. Highly
educated individuals could increase their leisure time by substituting nonmarket
work with market goods. However, nonmarket work is virtually identical across
all education categories.

Lastly, we document an increase in leisure inequality in all countries, despite
completely different trends in mean leisure levels. The growing leisure dispersion
is the mirror image of the well-documented divergence in wages over time and is
partly driven by the growing leisure gap across educational categories. However,
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we show that in all countries, leisure inequality within educational categories has
increased as well.
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Chapter 3

Disability Screening and the Labor

Supply of Older Workers: Evidence

from a Major Policy Change

CHAPTER PREVIEW: This paper explores the labor supply effects
of a large-scale policy change in the Austrian disability insurance pro-
gram, which tightened eligibility criteria for older men. Using admin-
istrative data on the universe of Austrian private-sector employees,
the results of difference-in-difference type regressions suggest a sub-
stantial and statistically significant decline in disability enrollment of
8.4-11.5 percentage points and a modest increase in employment of
1.3 to 2.5 percentage points. On the other hand, the policy change
had important spillover effects into the unemployment and sick leave
insurance program. Specifically, the share of individuals receiving un-
employment or sick leave benefits increased by 7 percentage points.

31
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3.1 Introduction

Since the 1960s the labor force participation rate of males aged 55-64 in the
OECD countries has decreased from 80 to 65 percent, despite considerable im-
provements in aggregate health. The negative effects of this trend on economic
growth and public expenditure are exacerbated by falling fertility rates and a
significant increase in the average life expectancy.1 Hence, reversing the decline
in labor supply of older people is a main policy priority.

The existing literature has shown that the public pension system creates
strong incentives for early retirement (Gruber and Wise (1998) and Blöndal and
Scarpetta (1999)), which are strongly correlated with the retirement behavior of
older workers (Burtless (1986), Krueger and Pischke (1992), Samwick (1998), and
Coile and Gruber (2007)). In particular, the change in the present discounted
value of future pension benefits from delaying retirement by one year is negative,
thereby discouraging continuation in the labor force. While old age pension in-
centives are an important factor in retirement behavior, in many countries the
disability insurance (DI) program has become a further pathway to early retire-
ment even before the early retirement age. Therefore, to effectively encourage
labor force participation of older workers, reforms in the disability insurance pro-
gram are needed.

This paper exploits a policy change in the eligibility criteria for disability ben-
efits in Austria to examine how stricter disability screening of older workers close
to retirement age affects their labor supply behavior. Modeled after Austria’s
legislation for the self-employed, since 1981 conditions to obtain disability ben-
efits have been substantially relaxed for older private sector workers starting at
age 55. Specifically, below the age threshold an individual is considered disabled
if a medically determinable impairment reduces the ability to work by more than
50% relative to a healthy person with comparable education in any reasonable oc-
cupation that the individual can carry out. According to the law, an occupation
is “reasonable” if it does not entail a loss of social status and there exist at least
100 jobs in the field (vacant or occupied) in Austria (Wörister (1999)). Above
the age-threshold of 55 the same individual qualifies for disability benefits if the
ability to work is reduce by more than 50% relative to a health person with com-
parable education in a similar occupation. An occupation is considered similar
if manual and mental demands, amount of responsibility, posture, concentration,
endurance, required care, and stress level are comparable (Wörister (1999)).

As a consequence of this “own occupation” assessment and the generosity of
disability benefits (the maximum monthly pension is more than $ 3,200), dis-

1Over the past 50 years the total fertility rate has fallen from 3.2 to 1.8 children per women

and the average life expectancy has increased by 10 years (OECD (2006)).
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ability enrollment begins to accelerate dramatically beginning at age 55. Given
that the eligibility age for early retirement benefits is 60 for men compared to
55 for women, disability enrollment is disproportionately high among older men.
With the aim of improving the fiscal health of the public pension system, the
Austrian government implemented the Structural Adjustment Act on September
1, 1996, which restricted eligibility for early retirement benefits and introduced a
bonus/malus system to penalize early retirement and encourage continued labor
force participation. The most important change of all, however, was a two-year
increase in the age, at which conditions for DI benefits are relaxed. Because dis-
ability enrollment has been particularly high among older men, this increase took
effect only for men, while eligibility conditions for women were left unaffected.

Given that only men aged 55 and 56 were affected by the policy change,
the present study relies on a difference-in-difference (DD) estimation strategy,
to examine the causal impact of the Structural Adjustment Act (SAA) on the
labor supply of older workers. The first objective of this paper is to determine
how the more restrictive eligibility criteria for DI benefits affected employment
and enrollment into the disability insurance program. A second key question is
whether the stricter disability screening standards led to an increase in enrollment
in the unemployment insurance and sick leave insurance program.2 Accounting
for such spillover effects is potentially important for designing effective policies.
In the present context, for example, the positive employment effect of stricter DI
eligibility is likely to be small, if individuals claim unemployment or sick leave
benefits instead.

The data comes from the Austrian Social Security Database (ASSD), which
covers the universe of private sector workers and has two attractive features.
First, even when very specific control groups are considered, sample sizes are
large and effects can be estimated with a high degree of precision. Second, the
data records all employment, unemployment, sick leave, disability and retirement
spells back to 1972, which permits to trace individuals over time and reconstruct
an individual’s entire labor market history.

Relying on men aged 51 to 54 as a comparison group, the empirical analy-
sis uncovers three important results. First, enrollment in the disability insurance
program responds significantly to the tightening of the eligibility criteria. The re-
sults suggest that the inflow rate into the disability insurance program decreased
by 2 percentage points after the SSA became effective, reducing the share of men
aged 55-56 receiving disability benefits by 8.5 percentage points. Second, the
changes in the disability insurance program had important spillover effects into

2Spillover effects between government programs haven been examined in other contexts by

Garrett and Glied (2000), Schmidt and Sevak (2004), Bound et al. (2004), and Duggan et al.

(2007).
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the unemployment and sick leave insurance program. The probability of tran-
sition to and persistence in the unemployment (sick leave) insurance program
increased by 3.8 (1.9) percentage points, which meant an increase in the unem-
ployment (sick leave) rate of 4.7 (2.6) percentage points. Third, employment
increased by approximately 2 percentage points, after the change in law became
operative. Even in the absence of spillover effects, however, the SSA is unlikely
to have generated major employment effects, given the large fraction of disability
applicants that are unemployed or receive sick leave benefits. Moreover, contrast-
ing the labor force behavior of affected and unaffected cohorts shows that affected
individuals seem to merely postpone their application for disability benefits by
two years. The drop in inflow to the disability insurance program among men
aged 55-56 is countered by a larger inflow at age 57, leaving the share of disability
recipients aged 57 and older unchanged.

There is a substantial literature addressing the behavioral effects of disability
insurance programs.3 While several papers have estimated the elasticity of labor
force participation with respect to generosity of benefits (see Parsons (1980),
Bound (1989), Haveman et al. (1991) and Gruber (2000)), in this study the level of
benefits remains largely constant over the sample period and what changes is the
access to disability benefits. Therefore, the parameter of interest is the elasticity
of labor force participation with respect to the stringency of the screening process
of applicants to the disability insurance program.

This parameter has been estimated for the US by Gruber and Kubik (1997)
and Autor and Duggan (2003). Gruber and Kubik (1997) study the impact of
the increase in rejection rates for the DI program in the 1970s on the labor force
participation of older males using variation in denial rates across states. Their
main results suggests that a 10% rise in denial rates lead to 2.8% reduction in
labor force non-participation among 45-64 year old males. Autor and Duggan
(2003) use the liberalization of the disability determination process in 1984 and
an unforseen increase in the earnings replacement rate to explore the impact of
the supply of disability benefits on the labor force participation of low-skilled
workers.

One problem faced by these papers is that all workers face identical program
rules, making it difficult to find a suitable counterfactual. This paper circum-
vents this problem by exploiting a change in law that had a large effect on one
group of workers while leaving nearly identical individuals completely unaffected.
Moreover, the Austrian disability insurance program is far more generous than
the disability insurance program in the US. Thus, we may expect to find that
stricter disability eligibility criteria have stronger labor supply effects.

3For an excellent overview of the literature see Bound and Burkhauser (1999) and Autor

and Duggan (2006).
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The papers most closely related to the present study are by De Jong et al.
(2009) for the Netherlands and Karlström et al. (2008) for Sweden. De Jong
et al. (2009) use a controlled experiment to examine the effects of stricter dis-
ability screening. Specifically, in 2 of the 26 Dutch regions case workers were
instructed to screen applicants more intensively. Contrary to this paper, they
find no evidence that stricter disability screening increases the inflow into the
unemployment insurance program, even for workers aged 55 and older, who may
express particular problems in finding a job. Moreover, they find that long-term
absenteeism due to sickness decreases with intensified screening, while in the
present paper inflow into the sick leave insurance program increases after the
stricter eligibility rules become effective.

Karlström et al. (2008) examine the labor supply effects of a policy change
that abolished relaxed eligibility rules for governing disability benefits for workers
aged 60 and above. While they also find small employment effects and large in-
flows into the unemployment and sick leave insurance program, the present paper
differs in two important aspects. First, as a result of the reform studied by Karl-
ström et al. (2008) having been announced 2 years prior to its implementation,
there are large anticipation effects, which could potentially cause an upward bias
in the estimates. In contrast, the time span between announcement and imple-
mentation of the reform examined in this paper is only a few months. Second,
since the early retirement age in Sweden is 61, affected individuals are already
eligible for early retirement benefits. In contrast, in this paper the only alterna-
tive government programs available to affected individuals are the unemployment
and sick leave insurance program. Therefore, spillover effects from the disability
insurance program to the unemployment and sick leave insurance program are
likely to be larger in this case.

The paper proceeds as follows. Section 3.2 explains the key features of the
Austrian disability insurance program and describes the policy change. Section
3.3 derives the theoretical predictions that are tested in the data. Section 4.3
summarizes the data and presents descriptive statistics. Section 3.5 outlines the
identification strategy. Section 3.6 presents the results. Finally, section 3.7 draws
conclusions.

3.2 The Austrian Disability Insurance Program

Austria’s DI program covers all active labor market participants, although dif-
ferent rules apply for the self-employed and civil servants. It is one of the largest
social security programs in Austria and accounts for 10 percent of all social ex-
penditures, which is equivalent to 2.5 percent of GDP (Börsch-Supan (2007)). DI
benefits, which depend on the recipient’s prior earnings and labor market history,
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cover up to 80 percent of the recipient’s pre-disability earnings, compared to an
average of 59 percent for the OECD countries. Net replacement rates are even
higher due to the progressive tax system.

Once benefits are awarded, DI beneficiaries receive monthly payments until
medical recovery, death or retirement, at which point they obtain equivalent
benefits from the Public Old Age Pension program. Moreover, the DI program
offers vocational rehabilitation that aims to restore or improve the work capacity
of the insured. The selection process for vocational rehabilitation depends on
the age of the recipients. For every 100 disability beneficiaries, there are 170
individuals within the age group 20-34 who undergo vocational rehabilitation,
but only four in the age group 45-59 (OECD (2003)).

Given the generosity of DI benefits and because criteria for disability classifi-
cation are relaxed for the elderly, the DI program has played an important role in
early retirement. In the 1990s an average of 35 per 1000 people in the age group
55-59 claimed DI benefits, which is twice the average across the OECD countries
and fifteen times higher than the average of the age group 35-44 (OECD (2005)).
Since Austria’s early retirement age is 60 for men compared to 55 for women,
disability enrollment is disproportionately high among older men. In the age
group 55-59 the disability inflow rate is typically five times higher for men than
for women (OECD (2003)).

As a result of the large share of DI recipients between the ages 55 and 59,
disabilities common to the elderly (such as musculoskeletal disorders, or back
pain) account for most of the new disability awards, while – in a difference from
most other countries – mental disorders are relatively unimportant. For example,
musculoskeletal disorders make up 43 percent of all awards in 1995, followed
by cardiovascular disease with 14 percent and mental disorders with 13 percent
(Wörister (1999)).

3.2.1 Eligibility Criteria and Calculation of Benefits

To be eligible for DI benefits, applicants must suffer a health impairment that
will last for at least six months and must have, depending on age, accumulated
between 5 and 15 insurance years. Insurance years comprise both contributing
years (periods of employment, including sick leave, and maternity leave) and
qualifying years (periods of unemployment, military service, or secondary edu-
cation). In a difference from the US system, applicants currently in the labor
force are eligible for DI benefits (see Autor and Duggan (2003)), although once
benefits are awarded, earnings may not exceed a certain threshold. The rejec-
tion rate – the fraction of applicants rejected benefits – is close to 50 percent
and among those who reapply around 15 percent are awarded benefits (OECD
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(2003)). Labor market conditions play no direct role in the award decision. But
the economic environment has an indirect effect, given that during an economic
downturn more people apply for disability benefits.

The calculation of DI benefits is identical to that of retirement benefits and
depends on two factors, the assessment basis and the pension coefficient:

DIa,t =
(pension coefficient)a,t

100
∗ (assesment basis)t (3.1)

where DIa,t is the yearly disability pension for an individual of age a becoming
disabled at time t. The assessment basis is determined by the average earnings
of the best 15 years, after applying an earnings cap to earnings in each year.4 To
account for wage inflation, the capped earnings in each year are re-valued based on
wage adjustment factors. The pension coefficient corresponds to the percentage
of the assessment basis that is received in the disability pension. It increases with
the number of accumulated contribution years. Specifically, when an individual
has accumulated fewer than 30 contribution years, each contribution year replaces
1.9 percent of the assessment. When the number of accumulated contribution
years is above 30, each contribution year below 30 replaces 1.9 percent and each
contribution year above 30 replaces 1.5 percent of the assessment basis.5 The
maximum pension is 80 percent of the assessment basis (around 45 contributing
years) and not to exceed a monthly payment before tax of approximately $ 3,200.
Since the 1993 pension reform pension coefficients rise with the disability age
starting at age 55. However, the age-related adjustment of the pension coefficient
is small.

Generally, the health eligibility criteria require that a medically determinable
impairment causes more than 50 percent of a reduction in ability to work rel-
ative to that of a healthy person with comparable education in any reasonable

occupation that the individual can carry out. According to the law, an occupa-
tion is “reasonable” if it does not entail a loss of social status and there exist at
least 100 jobs in the field (vacant or occupied) in Austria (Wörister (1999)), i.e.
individuals are expected to be completely flexible as to changes in residence. To
eliminate legal differences with respect to the self-employed, the Austrian gov-
ernment relaxed DI eligibility criteria for elderly private sector workers above a
certain age threshold in 1981.6 Specifically, conditional upon having worked in a

4Prior to 1993, the assessment basis was equal to average earnings in the most recent 15

years.
5With the pension reform the 1996 numbers have been adjusted slightly to 1.83 percent for

each contribution year below 30 and 1.675 percent for each contribution year above 30.
6Conditions for benefits have also been relaxed for white-collar workers and certain blue-

collar workers, but this change is negligible compared to the liberalization in the disability

determination process for elderly workers.
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similar occupation for 7.5 years or more in the most recent 15 years, elderly ap-
plicants are classified as disabled if their ability to work has been reduced to less
than 50% that of a healthy person with comparable education in a similar occu-
pation. An occupation is considered similar if the core requirements are identical:
manual and mental demands, amount of responsibility, posture, concentration,
endurance, required care, and stress level must be comparable (Wörister (1999)).

Thus, as older workers are only compared to the set of workers in their oc-
cupation (Berufsschutz ) it is substantially easier for older workers to qualify for
benefits. As an example, consider a server who is unable to carry dishes due
to arthritis. Below the age threshold her disability application will be rejected,
given that she could still work as a cashier, for example. Above the age threshold,
however, she will be awarded a disability pension. As a direct consequence, dis-
ability enrollment rises significantly at and above the age threshold. The OECD
reckons that the strong focus on the former occupation is the main explanation
for the low employment rates of around 30 percent for men and women aged
55-64 (OECD (2005)).

3.2.2 The 1996 Structural Adjustment Act

With the aim of improving fiscal health and fostering employment among older
workers, the Austrian Pension System underwent significant changes in 1993,
1996, and 2000. While the 1993 and 2000 reforms had little impact on DI eligi-
bility, the reform in 1996 reduced disability enrollment among the elderly sub-
stantially by increasing the age threshold for easy access to DI benefits from 55
to 57.

The 1993 pension reform, enacted on July 1, introduced a bonus for retirement
after the early retirement age and changed the assessment basis from the last 15
years of earnings to the highest 15 years of earnings. Given that wages generally
rise with age, the later change had no effect on disability or retirement pension
benefits for most individuals. The 1993 reform also introduced a new disability
pension: the early retirement pension due to reduced working capacity, which
supposedly made DI benefits more accessible to workers aged 55 and older. How-
ever, given that before the reform the conditions for obtaining disability benefits
had already been relaxed for individuals aged 55 and older, this change made no
substantive difference in conditions for eligibility.

In May 1996 the Austrian government enacted the Structural Adjustment
Act (Strukturanpassungsgesetz), which became effective on September 1, 1996.
The primary objective was to cut down on expenditures in the public pension
system, in order to satisfy the criteria for accession to the European Economic
and Monetary Union (see Mairhuber (2003)). Specifically, the reform increased
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the number of contribution years required for the early retirement pension from
15 to 20, introduced a penalty for retirement before the early retirement age and
raised the bonus for retirement after the early retirement age. Although the new
penalty for early retirement varied with age, the pension coefficient did not vary
substantially with retirement age and did not represent a significant change to
the pension coefficient before the 1996 reform.

The most important change of all, however, was the two-year increase in the
age, at which conditions for DI benefits are relaxed. Since disability enrollment
is particularly high among older men, this increase only applied to men, while
leaving eligibility conditions for women unaffected. The consequences of this
policy change are seen in Figure 3.1, which plots disability enrollment by age
in men (left panel) and women (right panel) before and after the policy change.
As the Figure shows, in the period 1993-1995 disability enrollment for men and
women peaked at age 55. Following the 1996 reform, DI rolls for men at age
55 fell by 6 percentage points and increased by 3 percentage points at age 57.
Although for women the number of new disability recipients is lower in the period
after the policy change, there is no significant change in the age distribution of
newcomers to the disability rolls.

On May 23, 2000, the European Court of Justice ruled that different DI
eligibility criteria for men and women would violate EU law. Therefore, on July
1, 2000, the Austrian government set the age at which conditions for disability
benefits are relaxed to 57 for both men and women. The 2000 pension reform also
gradually increased the minimum retirement age from 55 to 56.5 for women and
from 60 to 61.5 for men. The reform also raised the penalty for early retirement
and the bonus for retirement after the statutory retirement age.

3.3 Theoretical Framework

By tightening eligibility criteria, the 1996 Structural Adjustment Act decreased
the supply of disability benefits for older male workers aged 55 and 56. Using
administrative data from Austria, the goal of this paper is to examine the im-
pact of this procedural change on the labor supply of affected workers. We can
distinguish three different groups: (1) individuals that do not meet the relaxed
conditions for DI benefits, either because of their health status or work history,
(2) individuals that meet the stricter eligibility criteria, and (3) individuals that
qualify for DI benefits under the relaxed eligibility criteria but do not under the
strict criteria. The policy change has the biggest impact for individuals in group
(3), while individuals in group (1) and (2) are less affected.

Applying for disability benefits is a complex decision, involving several consid-
erations. First, the medical screening process is imperfect. Disabled individuals
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Figure 3.1: Disability enrollment before and after the reform
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may be denied disability benefits (“type I error”) or non-disabled individuals may
be awarded benefits (“type II error”). As a result, even individuals in group (1)
and (2) may change their labor supply behavior. Second, in addition to the
disability insurance program the unemployment and sick leave program provide
income replacement in case of separation from the labor market for economic
or health reasons. These programs may influence the individuals’ response to
changes in the DI program. This aspect is particularly relevant in Austria, given
that employment prospects of older workers are very poor. Wörister (1999), for
example, argues that the lower requirements for older workers to change occu-
pation reduced the unemployment rate for this age group substantially. Third,
in a differecne from the US system, individuals currently in the labor force are
eligible for benefits. Applying for DI benefits in Austria, therefore, is essentially
costless, although once benefits are awarded, recipients are usually required to
quit their former occupation.

The basic theory of how disability screening affects the labor supply of older
workers is presented in Autor and Duggan (2003) (see also Diamond and Sheshin-
ski (1995)). Individuals can be in three different states: employed E, unemployed
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or on sick leave U , or disabledD.7 At the beginning of a period, employed workers
may apply for disability benefits (D|E) or continue working (E|E), in which case
they receive a period utility of u(w, h) (with uw > 0 and uh > 0). The period
utility in case of disability is u(d), with d equal to disability benefits. Unem-
ployment benefits are set equal to zero. Assuming that the probability of being
awarded disability benefits is equal to p = p(h), with h being the individual’s
health, and that jobs are lost with exogenous rate s, the value of employment for
choices D|E and E|E is given by

VE = max[VD|E, VE|E] = max[u(w, h) + pβVD + (1− p)β[sVU + (1− s)VE],

u(w, h) + β[sVU + (1− s)VE]] (3.2)

with VD and VU being the asset value of disability and unemployment, respec-
tively.8 Provided that disability is an absorbing state, VD is equal to u(d)/(1−β).
Unemployed individuals may apply for disability benefits (D|U) or seek a job
(E|U). The value of unemployment VU for choices D|U and E|U is equal to

VU = max[VD|U , VE|U ] = max[pβVD + (1− p)βVU , qβVE + (1− q)βVU ] (3.3)

where q is the probability of finding a job.
Equations (3.2) and (3.3) explore the effect of disability program parameters

on the behavior of employed and unemployed individuals. By increasing the
value of disability VD, higher benefits d make it more attractive to seek disability
benefits both for employed and unemployed individuals. Since the per-period
utility of work and the value of employment is lower for individuals with low
wages and/or poor health and since β(1 − s) > (1 − p)β(1 − s), equation (3.2)
indicates that the probability of applying for disability benefits rises with lower
wages and a decline in health.

Stricter eligibility criteria affect the labor supply behavior of individuals by re-
ducing the probability p of being awarded benefits. From equation (3.2) it follows
that for an employed individual a reduction in p decreases the value of apply-
ing for disability benefits VD|E relative to continuing to work VE|E. Therefore,
all other things equal, employment should increase because (1) fewer people are
awarded benefits and (2) the number of applicants decreases due to self-screening

7Since eligibility for, level of and duration of unemployment and sick leave benefits are

similar, they are treated as one state. Specifically, the maximal benefit duration is generally 52

weeks and the gross replacement rate is between 40-50 percent for the unemployment insurance

(see Lalive et al. (2006) for details) and 50-60 percent for the sick leave insurance. However, to

the extent that individuals receiving sick leave benefits are reduced in their working capacity,

the probability of reentering the labor market may be lower than for unemployed individuals.
8Note that, contrary to the model in Autor and Duggan (2003), workers are not required to

quit their jobs to apply for disability benefits.
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(see Parsons (1991)). Moreover, since the health screening process is imperfect,
some individuals who would qualify for benefits under the stricter eligibility cri-
teria (group (2)) may decide to remain in the labor force instead of applying for
disability benefits.

Equation (3.3) indicates that if VD > VU unemployed individuals are also likely
to forgo applying for disability benefits and search for a job instead, increasing
unemployment if the probability of finding a job is sufficiently low.9 Moreover,
with a constant job separation rate s, more employment increases the inflow into
unemployment. Finally, affected individuals need wait only two years (one year
for men aged 56) before they reach the new eligibility age at which conditions to be
classified as disabled are relaxed. Unemployment benefits, which may be claimed
for one year (in certain cases up to two years), therefore become a particularly
attractive option. The same holds true for sick leave benefits, which may also be
claimed for at least one year.

3.4 Data and Descriptive Statistics

The data comes from the Austrian Social Security Database (ASSD), which con-
tains detailed information on the labor market and earnings history of individuals
back to 1972 as well as some firm-specific information such as region and industry
affiliation. The work history is summarized by spells. Specifically, all employ-
ment, unemployment, disability, sick leave and retirement spells are recorded. An
observation begins on the 1st of January, or when a new spell starts, and ends on
the 31st of December, or when a spell terminates. Therefore an individual can be
observed several times in a particular year. Employment spells are bound to indi-
vidual employers. For example, accepting a new job in another firm starts a new
spell, while a change of occupation within the same firm does not. At the individ-
ual level the data also contains information on gender, age, experience, tenure,
blue-collar or white-collar status, and the number of contribution and insurance
years. Based on the individual’s age, past wages and number of contribution
years, the expected disability benefits can be calculated very precisely.

The main sample consists of all men aged 51-60 over the period 1990 to 2000
(birth cohorts 1930 to 1949) working in Austria. All individuals who spent more
than a year self-employed or as public servants are excluded as they are covered
by a different pension system. In particular, public employees have relaxed eligi-
bility conditions for disability benefits at all ages, which results in a high level of
disability enrollment even at lower ages. In order to isolate the effects of stricter

9Diamond and Sheshinski (1995) argue that disability benefits are at least as large as un-

employment benefits. Otherwise there is no need to have a separate disability program with

its selective screening mechanism.
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eligibility criteria, the focus lies on individuals with at least five contribution
years, which are likely to satisfy the non-medical eligibility criteria for disability
benefits.

Table 3.1: Descriptive statistics
Not Disabled Disabled

(1) (2)

Age 54.79 55.31

Blue-collar 67.99 83.41

Experience 12.66 12.00

Contribution years 33.61 33.34

Wage 27,610 20,741

Wage 15yrs 20,231 18,331

Disability benefits 16,855 15,504

Spell prior to disability:

- Employed 0.30

- Unemployed 0.30

- Sick leave 0.34

- Out of labor force 0.03

Individuals 231,053 93,236

Table 3.1 reports key statistics of the final sample used for the empirical
analysis. The total number of individuals is 324,289, with 93,236 individuals
receiving disability benefits at some point (column (2)). Comparing column (1)
with column (2) indicates that the disability risk is higher among low wage and
blue-collar workers. Interestingly, only 30% of disability beneficiaries enter the
disability insurance program from an employment spell, while 29% and 33% have
been unemployed and on sick leave, respectively, before claiming disability ben-
efits. This result highlights the role of the disability insurance in reducing the
unemployment rate among older workers. To eliminate noise, the focus is on sick
leave spells that last for 30 days or more, as shorter spells are unlikely to reflect
long-lasting health problems.

3.4.1 Graphical analysis

To assess the impact of the change in disability screening graphically, Figure 3.2
plots labor supply trends in men for the age groups 51-52, 53-54, 55-56, and 57-
58 and 59-60 over time. The top left subfigure contrasts the fraction receiving
disability benefits in different age groups. Clearly, after the change in disability
law, the fraction of disabled individuals in the age group 55-56 starts to decline
by about 10 percentage points and stays fairly constant at the new level of 11
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Figure 3.2: Effects of the 1996 Policy Reform by Year and Age Group
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year, in which the Structural Adjustment Act became effective.

percent. Over the same period of time, the fraction of disability beneficiaries in
the other age groups barely changes.

The top left subfigure in Figure 3.2 reports changes in unemployment for the
different groups.10 In the years following the policy change the unemployment
rate of the “treated” age group starts rising by roughly 8 percentage points and
reaches a maximum at 25 percent. For “untreated” groups, on the other hand, the
unemployment rate stays constant or decreases after the reform. A similar pattern
can be observed for sick leave (bottom left panel). For the age group 55-56 sick
leave enrollment starts growing by around 3 percentage points immediately after
the reform. Interestingly, in the year of the policy change, sick leave enrollment
decreases by roughly 1 percentage point, possibly indicating anticipation effects.
However, since the reform was made public only in May of 1996 and enacted
in September of the same year, anticipation effects are likely to be small. This

10Note that the percent reported refers to observations and not individuals. For example,

an individual that is unemployed twice at a given age is counted as two observations when

calculating the unemployment rate. Therefore, the unemployment rate in Figure 3.2 is higher

than the official unemployment rate reported by Statistics Austria.
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Figure 3.3: Effects of the 1996 Policy Reform by Age and Year-of-Birth
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conjecture is confirmed by the fact that no increase in disability can be seen for the
55-and-56-year-olds in the year of the policy change. Finally, the bottom right
panel reports trends in employment for the different age groups. Perhaps not
surprisingly, given that unemployment and sick leave absorb most of the drop in
disability, the reform has no effect or only a small positive effect on employment.

A look at different cohorts provides further evidence on the effects of the
increase in the age, at which eligibility criteria are relaxed. Figure 3.3 reports
labor status by age for the birth cohorts 1938 and 1939, which were unaffected
by the reform and the birth cohorts 1941 and 1942, which were fully affected
by the reform. The top left panel shows that while the share of individuals
receiving disability benefits is similar for workers younger than 55 and older than
57, among the affected birth cohorts significantly fewer people receive disability
benefits at ages 55 and 56. Hence, affected individuals seem merely to postpone
their application for disability benefits by two years. This finding is also reflected
in the patterns of unemployment (top right panel) and sick leave enrollment
rates (bottom left panel). Both are significantly higher at ages 55 and 56 for the
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affected cohorts and drop to the same level at age 57. Finally, as reported in the
bottom right subfigure there is little evidence for large employment effects.

3.5 Empirical Strategy

The empirical strategy to evaluate the 1996 policy reform relies on a difference-in-
difference (DD) approach. The first difference is over time, as access to disability
benefits became stricter after 1996. The second difference is across groups; only
men aged 55 and 56 were directly affected by the new disability screening rules.
These individuals define the treated group.

3.5.1 The Choice of Comparison Group

The definition of the comparison group is crucial, as it should capture labor
market trends in the absence of the policy change. Since the ASSD covers the
universe of private sector employees in Austria, sample sizes will be large even
for narrowly defined comparison groups that display very similar characteristics
to the treated group. There are three alternative control groups that can be used
to estimate the counterfactual effects of the 1996 reform: (1) women aged 55 and
56, (2) men older than 56, and (3) men younger than 55.

Group (1) is an inadequate control group for several reasons. First, over the
period under consideration the labor force participation of older women generally
increased. Thus, even in the absence of the policy change, trends in employment
differ by gender. Second, since the early retirement age for women is 55, the labor
supply behavior of older women is affected by changes in the early retirement
rules. Specifically, the 1996 pension reform raised the number contribution years
needed to qualify for early retirement from 15 to 20, thereby restricting access to
early retirement benefits substantially.

Group (2) may also be problematic as comparison group for several reasons.
First, more individuals in group (2) will apply for disability benefits, if they fear
that the 1996 reform will be followed by other reforms which would further restrict
access to disability benefits. Such changes in behavior will cause an upward
bias in the estimation results. Second, as with control group (1), labor supply
behavior of older men may be affected by the changes in the early retirement rules
introduced in the 1996 reform. Although the early retirement age for men is 60,
the labor supply behavior of 59-year-old men may be equally affected, provided
that many individuals enter early retirement after an unemployment spell and
the unemployment benefit duration is on average one year. Until 2004 there was
even a special early retirement pension for the unemployed with relaxed eligibility
criteria. Third, as shown in the upper left panel of figure 3.3, disability enrollment
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dramatically increases from age 56 to 57 after the 1996 policy change becomes
effective. Since the empirical analysis focuses on transitions from previous labor
force states into disability, the results will be upward biased if individuals aged
57 are in the control group.

People in group (3) are unlikely to change their labor supply behavior as a
consequence of the Structural Adjustment Act. However, there is one concern
when using group (3) as comparison group. Since, for this group, eligibility
criteria for disability benefits are stricter, the inflow into disability is expected
to vary less with the business cycle. Hence, trends in disability enrollment may
differ compared to the treatment group even in the absence of the policy change.

The empirical analysis will mostly rely on men younger than 55 as control
group, although results based on men older than 56 as control group are useful
for the sake of comparison. Table 3.2 reports summary statistics for the treatment
group and the potential control groups “men aged 57-58” and “men aged 51-54”
separated by year. The table shows that except for the number of contribution
years (and therefore disability benefits), there are minor differences between the
different age groups. A comparison of the fraction of individuals in the different
labor market states between 1995 (the year before the reform) and 1997 (the year
after the reform) provides the first evidence on the impact of the policy change.
Specifically, in the treatment group, relative to the control groups, the rate of
disability declines, a decline which is nearly compensated by an increase in the
unemployment and sick leave rate. Finally, employment decreases slightly but
less than in the control groups.



48 DISABILITY SCREENING

T
ab

le
3.

2:
T
re

at
m

en
t

an
d

co
nt

ro
l
gr

ou
p

ch
ar

ac
te

ri
st

ic
s

19
93

19
95

1
9
9
7

1
9
9
9

T
re

at
m

en
t

C
on

tr
ol

C
on

tr
ol

T
re

at
m

en
t

C
on

tr
ol

C
on

tr
ol

T
re

at
m

en
t

C
o
n
tr

o
l

C
o
n
tr

o
l

T
re

a
tm

en
t

C
o
n
tr

o
l

C
o
n
tr

o
l

55
-5

6
57

-5
8

51
-5

4
55

-5
6

57
-5

8
51

-5
4

55
-5

6
5
7
-5

8
5
1
-5

4
55

-5
6

5
7
-5

8
5
1
-5

4

B
lu

e-
co

ll
ar

74
.1

6
73

.4
9

68
.8

5
68

.9
4

72
.7

9
67

.3
7

66
.0

1
6
6
.0

1
6
6
.9

0
6
6
.4

0
6
5
.2

3
6
9
.9

0

E
x
p
er

ie
n
ce

15
y
rs

12
.7

9
12

.6
2

12
.9

6
12

.6
7

12
.3

3
12

.6
1

12
.4

3
1
2
.2

6
1
2
.4

4
12

.1
9

1
2
.0

9
1
2
.3

1

C
on

tr
ib

u
ti

on
y
rs

33
.9

1
35

.5
9

32
.0

3
34

.3
5

35
.3

1
31

.7
0

34
.2

8
3
5
.8

0
3
1.

6
0

3
3
.8

4
3
5
.7

7
3
1
.3

5

W
ag

e
24

,9
93

24
,8

94
26

,6
22

26
,7

47
25

,5
84

27
,2

47
28

,1
55

2
8
,0

5
1

2
7
,9

1
1

2
8
,3

5
9

2
8
,7

4
3

2
7
,7

0
4

W
ag

e
15

y
rs

19
,1

81
19

,2
38

19
,5

73
20

,3
26

19
,9

70
20

,0
79

20
,9

86
2
1
,1

8
5

2
0
,4

0
2

2
1
,2

5
3

2
1,

6
1
7

2
0
,2

8
6

D
is

ab
il
it
y

b
en

efi
ts

16
,2

49
16

,9
32

16
,5

40
17

,6
23

17
,5

07
16

,8
44

18
,0

11
1
8
,7

5
2

1
6
,4

9
2

1
8
,1

9
0

1
9
,3

3
6

1
4
,1

2
9

D
is

ab
le

d
21

.4
6

29
.1

3
7.

25
22

.1
0

30
.5

3
7.

35
18

.0
0

3
3
.1

4
7
.4

2
1
2
.2

0
3
0
.8

4
7
.2

3

W
ee

k
s

d
is

ab
le

d
9.

18
13

.4
8

3.
16

9.
38

13
.9

1
3.

27
8.

44
1
4
.9

7
3
.4

0
5
.4

7
1
3
.0

1
3
.2

4

U
n
em

p
lo

y
ed

17
.9

2
18

.7
5

20
.9

9
18

.3
9

18
.9

6
21

.3
5

20
.3

4
1
7
.5

5
2
1
.5

2
2
4
.5

4
1
8
.7

1
2
2
.4

3

W
ee

k
s

u
n
em

p
lo

y
ed

3.
24

3.
47

3.
65

3.
40

3.
32

3.
73

4.
32

3
.9

0
4
.3

1
4
.9

9
4
.1

8
4
.1

5

S
ic

k
le

av
e

5.
32

5.
21

6.
36

5.
97

5.
24

6.
82

6.
72

4
.4

4
6
.1

1
8
.7

6
5
.6

1
7
.3

6

W
ee

k
s

si
ck

le
av

e
0.

40
0.

39
0.

53
0.

44
0.

42
0.

57
0.

55
0
.3

4
0
.5

1
0
.7

3
0
.4

3
0
.6

1

E
m

p
lo

y
ed

53
.3

1
44

.0
2

64
.1

6
51

.4
2

42
.0

6
62

.4
9

50
.8

4
4
0
.0

5
6
1
.0

2
5
0
.1

4
3
8
.7

7
5
9
.1

0

W
ee

k
s

em
p
lo

y
ed

20
.7

4
16

.6
1

25
.7

1
20

.5
5

15
.5

2
25

.1
3

20
.9

6
1
6
.2

7
2
4
.8

6
1
9
.9

2
1
5
.2

9
2
3
.6

7

In
d
iv

id
u
al

s
21

,0
60

19
,3

76
61

,2
38

29
,9

74
20

,0
52

59
,6

94
30

,9
40

2
9
,1

3
1

5
2
,0

1
7

2
7
,7

8
0

3
0
,8

8
8

4
8
,8

6
1

O
b
se

rv
at

io
n
s

31
,4

80
28

,2
46

94
,2

01
44

,4
48

29
,7

76
91

,8
26

45
,2

44
4
0
,8

5
7

7
9
,1

5
8

4
4
,6

1
8

4
6
,3

2
5

7
7
,7

3
4



EMPIRICAL STRATEGY 49

3.5.2 Statistical Model

The difference-in-difference comparison is implemented by estimating regressions
of the following type:

yit = α + β TREATit +
∑

j 6=1995

γjλj + δ(TREATit × POSTt) + θ xit + εit (3.4)

where i denotes individual, a age and t time; yiat is the outcome variable of in-
terest; TREAT is a dummy for treatment group (1 if treatment, 0 if control)
to control for group-specific trends; where the λj’s are year fixed effects to con-
trol for changes in macroeconomic conditions; and POST is a dummy which is
0 before 1996 and 1 after 1996. Since the policy change occurred in September
1996, the POST variable is set to 0.25 in that year. The vector xiat is a set of
individual specific characteristics to control for any observable differences that
might confound the analysis (blue–collar status, experience, number of contribu-
tion months, previous annual earnings, average earnings over the best 15 years,
industry and region dummies). The coefficient of interest is δ, which measures
the effect of stricter DI eligibility criteria on the treated group relative to the
comparison group, using variation over time. To explore the impact of the policy
reform over time, equation (3.4) is generalized by including a full set of year x
treat interaction terms:

yit = α+ β TREATit +
∑

j 6=1995

γjλj +
∑

j 6=1995

δj(TREATij × λj) + θ xit + εit (3.5)

The coefficients of interest are the deltas. The time period analyzed is 1990-2000,
with 1990-1995 as “pretreatment” and 1997-2000 as “posttreatment” years. The
year 1996 is a transition year during which the Structural Adjustment Act was
only partially effective. Hence, the pre 1996 interaction terms provide “pretreat-
ment” specification test, although they may capture possible anticipation effects.
Equations (3.4) and (3.5) are estimated for men aged 51-52, 53-54, and 57-58 as
comparison groups. The identifying assumption is that there are no unobserved
age–group–specific changes that (1) are correlated with the policy change and (2)
are correlated with age–group–specific changes in the outcome variable.

Several outcome variables are examined. The first set of regressions analyzes
the impact of the policy reform on the inflow into and persistence in a particular
state, i.e. disabled, unemployed, sick, and employed. In this case, the outcome
variable is a dummy, which is equal to 1 if an individual switched from any state
i 6= j to state j or is still in state j and 0 if the individual remains in state i 6= j or
switched to some other state k 6= j. As a robustness test, equations (3.4) and (3.5)
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are also estimated using aggregate data at the district level. The outcome variable
denotes the district–level fraction of individuals who are disabled, unemployed,
employed, or receiving sick leave benefits.

The second set of regressions examines the impact of the policy change on
transitions between different states, thereby allowing for a more detailed picture
of the labor supply effects triggered by the 1996 reform. Three sets of transitions
are analyzed: (1) from employment to all other states, (2) from unemployment to
all other states, and (3) from the sick leave insurance program to all other states.
Hence, the outcome variable is a dummy, which is equal to 1 if an individual
switched from state i to state j – the state under study – and 0 if the individual
is still in state i or switched to some other state k 6= j.

3.6 Results

The results are presented in five subsections. The first subsection examines the
effects of the 1996 reform on the total inflow to and persistence in different labor
market states. The next three subsections examine binary transitions from em-
ployment, unemployment, and sick leave absence to other labor force states. The
fifth subsection discusses the effects of the SSA on government expenditures.

3.6.1 Overall effects

The first main set of results is summarized in table 3.3, which shows the marginal
effects of a probit estimation of equation (3.4) for different dependent variables.
The first pair of columns indicates that, depending on the comparison group, the
probability of transition into disability from all other states decreased by 1.7 to
1.9 percentage points after the 1996 policy change went into effect. As shown
in the second pair of columns, the direct consequence of the decline in disability
enrollment was an increase in the inflow into and persistence in unemployment
of around 3.8 percentage points. Similarly, there is a significant increase in the
inflow into and persistence in the sick leave program of 1.9 percentage points, after
the SSA is implemented (column (5) and (6)). On the other hand, the impact
on the inflow and persistence in employment is relatively small compared to the
effects on the unemployment and sick leave program. Specifically, employment
increases by around 1.5 percentage points. Together these results suggest that
the SSA had significant spillover effects into other government programs, which
may have reduced the positive effect on employment. However, as shown in the
last pair of columns, in spite of the substitution effects into the unemployment
and sick leave insurance program the probability of outflow from employment
into other states declined significantly by 1-1.5 percentage points.
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Table 3.4 reports the ordinary least squares estimates at the district level
for all three comparison groups. The outcome variable denotes the district–level
fraction of individuals who are disabled, unemployed, employed, or receiving sick
leave benefits. Columns (1), (2), and (3) indicate that the change in eligibility
criteria for disability benefits leads to a marked decline of 8.5-11.4 percentage
points in the share of disability beneficiaries. Columns (4), (5), and (6) show
analogous estimates for the unemployment share. The point estimates indicate
that the unemployment rate increased by 4.2-6.2 percentage points after the SSA
was implemented. Similarly, as shown in columns (7), (8), and (9) there is a
sizeable increase in the share of sick leave recipients of 2.6-3.1 percentage points
in the post-policy era. Finally, columns (10), (11), and (12) report a rather
modest increase in employment in the range of 1.4-2.4 percentage points, after
the change in law becomes effective. In relative terms, roughly 50 percent of
the decline in the disability rolls is absorbed by the unemployment insurance
program, another 30 percent by the sick leave insurance program, and roughly
20 percent by the labor market.

The estimates presented in tables 3.3 and 3.4 will be biased if the treatment
group and the comparison group have different labor supply tendencies. To shed
light on this concern, the difference-in-difference identification strategy is gen-
eralized by including a full set of treatment × year interaction terms (equation
(3.5)). The coefficients estimated using the individual–level dataset are shown in
table 3.5, while results based on the district–level dataset are presented in table
3.6. Only the treatment × year interaction terms and the treatment dummy are
reported (the baseline year is 1995), although all regressions include a full set of
controls.11

The results in table 3.5 confirm the findings of the two-period analysis. As
shown in columns (1) and (2), the inflow onto the disability rolls declined sub-
stantially after the 1996 reform became effective. This reduction is persistent
over time and declines slightly in 2000. For example, compared to men aged 53-
54, the inflow rate into disability is 1.9 percentage points lower in 1999 than in
the baseline year (1995) and 0.3 percentage points lower than in 1997. The pre-
treatment interaction terms are insignificant in 1994, but negatively significant
for the years<1994, suggesting different trends in disability enrollment. How-
ever, the per-treatment coefficients before 1994 are quantitatively much smaller
than the post-treatment coefficients. Columns (3)-(6) indicate that the decline
in disability enrollment is partly compensated with a larger inflow into the un-
employment and sick leave insurance program, with little evidence of preexisting
trends. The inflow to the sick leave insurance program declines in the transition

11That is blue–collar, experience, number of contribution months, previous annual earnings,

average earnings over the best 15 years, industry and region dummies.
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year 1996, which could reflect anticipation effects of the SSA. As displayed
in column (7) and (8), the inflow into employment generally increases with the
change in law, although the effects are smaller and not always significant. Pro-
vided that disability benefits are less accessible, one would expect to see less
outflow from employment, after the SSA becomes effective. However, this effect
might disappear if the spillover effects to the unemployment and sick leave insur-
ance programs are sufficiently large. The estimated coefficients for the outflow of
employment are reported in the last pair of columns.

The ordinary least squares estimates of the district level analogue of equation
(3.5) reported in table 3.6 confirm the results at the individual level. Specifically,
columns (1)-(3) suggest a substantial and statistically significant decline in male
disability enrollment in the age group 55-56 after the SAA becomes effective.
While there is no evidence for pre-treatment differences compared to men aged
57-58, preexisting trends differ for the control groups men aged 51-52 and men
aged 53-54. This finding may reflect the fact that the inflow into disability for men
aged 51-54 is less responsive to labor market shocks, due to stricter DI eligibility
criteria. However, the estimated coefficients are quantitatively small compared
to the post-policy coefficients. The full effect phased in gradually, given that the
56 year old in 1997 could still claim disability benefits under relaxed eligibility
conditions at age 55. In 1997, the share of disability recipients in the age group
55-56 is 4.4-6.9 percentage points lower than in 1995. With 9.3-12 and 11.2-13.6
percentage points the decline is larger in 1998 and 1999, respectively. In 2000
the percentage of disabled increases again, but is still 8.4-11.3 percentage points
below the 1995 level.

Columns (4)-(6) show analogous estimates for the unemployment share. There
is little evidence for preexisting trends before 1997. In 1997 there is a statisti-
cally significant increase in the unemployment rate by 2.3-3.7 percentage points,
followed by an additional rise of 2.4-3.3 percentage points in 1998. The salient
increase in the unemployment rate persists over time. Columns (7)-(9) show the
estimated impact on the sick leave insurance program. The results indicate that,
independent of the comparison group, the share of sick leave recipients increased
by 1.9-2.3 percentage points in 1997 and increased even further in 1998 and 1999,
dropping back slightly in 2000. Finally, columns (10)-(12) display the estimated
impact on employment. Again in the pre-treatment years coefficients are in-
significant or marginally significant and negative. Consistent with the individual
level estimates, the SSA had no statistically significant impact on employment in
1997, given that the 56 year old in 1997 could still claim disability benefits under
relaxed eligibility rules at age 55.
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3.6.2 Binary Transitions from Employment

This subsection explores binary transitions from employment into other states.
The results for the two-period case, summarized in panel A of table 3.7, suggest
that the inflow rate into disability from employment decreased by 0.5 percentage
points after the SSA becomes effective (columns (1) and (2)).12 Moreover, while
the transition rate to the unemployment insurance program is unchanged, there is
a sizeable and statistically significant increase in inflows to the sick leave insurance
program and in the persistence in employment. Specifically, the probability of a
transition from employment to the sick leave insurance program increases by 0.3
percentage points and the probability to stay in employment increases by 1-1.5
percentage points.

Figure 3.4 plots the estimated treatment × year interaction term coefficients
of equation (3.5) for transitions from employment for all three comparison groups.
A 95-percent confidence interval is plotted by dotted lines. The top left subfigure
shows these coefficients for the transition from employment to disability. The
coefficients fluctuate around 0 before 1996 and become negative after 1996, with
the absolute effect being greater for the comparison group men aged 57-58. While
in 1996 the coefficient is negative for the comparison group men 57-58, the esti-
mated probability of a transition is positive compared to that for men aged 51-52
and 53-54, suggesting some anticipation effects. The top right subfigure plots
the estimated coefficients for transitions from employment to unemployment. As
for the two-period case, there is little evidence that the policy reform had an
effect on the transition rate from employment to unemployment. On the other
hand, the probability of a transition from employment to sick leave increased
after the policy change relative to all comparison groups, with no evidence of
pre-treatment differences (bottom left panel). Finally, as shown in the bottom
right panel, unlike the two-period analysis, the persistence in employment is not
significantly different from 0 after the change in law.

12Note that since there are only few transitions out of disability, disability is treated as an

absorbing state.
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Figure 3.4: Transitions from employment: treatment × year interaction terms
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Notes: This Figure shows coefficients of the treatment × year interactions in equation (3.5) for transitions from

employment. The baseline year is 1995. Dotted lines denote a 95-percent confidence interval.

3.6.3 Binary Transitions from Unemployment

This subsection explores binary transitions from unemployment into other states.
The results for the two-period case are summarized in panel B of table 3.7. There
is a significant decline in the transition rate from unemployment to disability of
4.6-4.9 percentage points, after the SSA becomes effective. This decline was com-
pensated by an increase in the persistence in unemployment and a higher inflow
rate into the sick leave insurance program. Specifically, the probability of staying
in unemployment increases by 6.2-7.3 percentage points and the probability of
a transition from unemployment to sick leave rises by 4.9-5.6 percentage points,
highlighting the interchangeability of these two programs. Finally, for transitions
from unemployment to employment, the coefficient is insignificant (compared to
men aged 51-52) or even negatively significant (compared to men aged 53-54).

The estimated treatment × year interaction terms coefficients for transitions
from unemployment, displayed in Figure 3.5, confirm the findings from the two-
period analysis. The top left subfigure suggests a substantial and significant
decline in the probability of a transition from unemployment to disability after the
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Figure 3.5: Transitions from unemployment: treatment × year interaction terms
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unemployment. The baseline year is 1995. Dotted lines denote a 95-percent confidence interval.

policy reform becomes effective, with little evidence of a preexisting trend. The
top right subfigure shows changes in the persistence in unemployment. Clearly,
after the change in law the persistence increased relative to all control groups.
Moreover, as shown in the bottom left figure, the probability of a transition from
unemployment to sick leave is significantly positive after the change in law, while
it is not different from zero in the pre-policy period. Finally, the bottom left panel
suggests that the stricter eligibility rules for disability benefits had no effect on
transitions from unemployment to employment after the policy change became
effective.

3.6.4 Binary Transitions from Sick Leave

This subsection explores binary transitions from unemployment into other states.
The results for the two-period case, summarized in panel C of table 3.7, suggest
a substantial and statistically significant decline in the probability of a transition
from the sick leave to the disability insurance program of 5.8-6.1 percentage
points. Moreover, the probability of a transition from the sick leave insurance to



RESULTS 61

the unemployment insurance program increased by 8.5 percentage points. This
transition is particularly attractive for individuals who are close to reaching the
maximum duration of sick leave benefits. Finally, The transition rate from sick
leave to employment increased in the treatment group after the policy change,
but this effect is not statistically significant relative to the comparison group men
aged 51-52.

Figure 3.6: Transitions from sick leave: treatment × year interaction terms
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Notes: This Figure shows coefficients of the treatment × year interactions in equation (3.5) for transitions from

sick leave. The baseline year is 1995. Dotted lines denote a 95-percent confidence interval.

Figure 3.6 displays the estimated treatment × year interaction term coeffi-
cients for transitions from sick leave. As with employment and unemployment,
the probability of a transition from sick leave to disability drops after the Struc-
tural Adjustment Act becomes effective (top left panel). On the other hand, as
displayed in the top right subfigure, there is a sizeable and significant increase
in transitions from sick leave to unemployment of about the same magnitude.
The bottom left panel suggests that a persistence of upward trends in sick leave
rates after the change in law, although for most years the effect is not statistically
different from 0. Finally, the bottom right panel shows that the change in law
had no effect on transitions to employment.

The findings from the analysis of binary transitions between labor force states
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suggest that the SSA significantly reduced the inflow rate into disability. The de-
cline in transitions to disability is particularly large from unemployment and
sick leave insurance program, highlighting the interchangeability of these gov-
ernment programs. As a direct consequence, unemployed individuals are unem-
ployed longer and are more likely to switch to the sick leave insurance program.
Similarly, individuals receiving sick leave benefits stay longer in the sick leave
insurance program and are more likely to switch to the unemployment insur-
ance program. Lastly, the only positive effect on employment comes from an
increase in the persistence in employment. The SSA had no significant impact on
the inflows to employment from the unemployment and the sick leave insurance
program.

3.6.5 Did the Structural Adjustment Act Reduce Govern-

ment Expenditures?

The primary objective of the Structural Adjustment Act (SSA) was to reduced
expenditures in the public pension system, by encouraging the labor force par-
ticipation of older male workers. The reform tightened the eligibility criteria for
disability benefits for older male workers aged 55 and 56; the main channel for
early retirement among elderly men. The results from the empirical analysis pre-
sented in the previous sections suggest that the SSA succeeded only partially in
achieving this goal.

First, the positive effect on employment was eroded by large spillover effects
into the unemployment and sick leave insurance programs. Second, even in the
absence of spillover effects, there are still doubts that the SSA would have gener-
ated large employment effects. In particular, a comparison of transitions between
labor force states before and after the reform highlight that the largest inflow to
the disability insurance program comes from the unemployment and sick leave
insurance program, while direct transitions from employment into disability are
relatively small.

This finding suggests that the low labor force participation of older men is at
least partly the result of poor employment prospects, not government program
incentives. Finally, the graphical analysis shows that the reform had no long-
lasting labor supply effects. The lower inflow to the disability insurance program
for men aged 55-56 is compensated with a larger inflow at age 57, leaving the
share of disability recipients in the age group 57-58 unchanged.

Based on the estimation results, it is possible to approximately calculate the
impact of the SAA on government expenditures. According to column (2) in
table 3.4 the share of male disability recipients in the age group 55-56 decreases
by 8.5 percentage points after the reform becomes effective, which corresponds
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to a drop of 3,650 disability recipients each year. Given that the average dis-
ability pension in the period after the reform is 18,100 euros per year, the total
reduction in averted pension payments is 66.1 million euros per year. Moreover,
the increase in employment generates additional tax revenues of 1.4 million euros
each year. However, the share of men aged 55-56 receiving unemployment (sick
leave) benefits increased by 4.7 (2.6) percentage points after the 1996 reform
was implemented. Given that average unemployment (sick leave) benefits for
men aged 55-56 are 16,200 (16,700) euros per year, these spillover effects create
additional government expenditures of 51.4 million euros per year. Hence, the
amount of total reduction in government expenditures per year is approximately
16.4 million euros per year.

3.7 Concluding Remarks

Relying on a large policy change in Austria, this paper has analyzed the impact
of stricter disability screening on the labor supply of older workers. Similar
to other industrialized countries, the disability insurance program in Austria is
an important channel for early retirement, especially because conditions to be
classified as disabled are substantially relaxed for older workers aged 55 and
above. With the aim of improving the fiscal health of the public pension system,
the Austrian government enacted in 1996 the Structural Adjustment Act (SAA).
The most significant change of this legislation was a two-year increase in the
age, at which eligibility rules for disability benefits are relaxed. Since disability
enrollment is particularly high among older men, this increase only applied to
men.

Relying on a difference-in-difference approach and using data on the universe
of Austrian private sector workers, the empirical analysis suggests that stricter
eligibility rules have a significant impact on disability enrollment. Specifically, the
share of disability recipients in the affected age group drops by 5 percentage points
in the first year after the reform and decreases by an additional 4 percentage
points in subsequent years. The empirical analysis also suggests that any change
in the disability insurance program may affect enrollment in other government
programs that provide income replacement in case of separation from the labor
market for economic or health reasons. Specifically, the share of individuals
receiving unemployment or sick leave benefits increased by 7 percentage points,
after the SAA became effective. On the other hand, the estimates indicate that
the policy change had only modest employment effects; employment increased
by roughly 2 percentage points. Hence, accounting for such spillover effects is
potentially important for designing effective policies.

While the supply of public benefits is an important factor in the labor force
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participation of older workers, the demand for such benefits depends crucially on
labor–market conditions. An examination of workers’ records prior to the inflow
into the disability insurance highlights that only 30% comes from employment
and 70% are unemployed, on sick leave, or out of the labor force before claim-
ing disability benefits. Thus, the modest employment response to the change
in eligibility rules for disability benefits may also be the consequence of poor
employment opportunities for older workers. More work on how to improve the
employability of older workers, which is a main policy priority in the face of
dramatic demographic changes, is clearly warranted.



Chapter 4

The Role of the Annuity’s Value on

the Decision (Not) to Annuitize:

Evidence from a Large Policy

Change

written jointly with Monika Bütler and Maria Grazia Zito

CHAPTER PREVIEW: This chapter presents new evidence on how
the annuitization decision is affected by changes in the annuity’s value.
We take advantage of an unprecendented change in policy, which
in 2004 moderated the super-mandatory Swiss occupational pension
scheme: The 20 percent reduction in the rate at which retirement cap-
ital is translated into a life-long annuity equates to a net present value
loss of approximately 20,000 CHF (18,000 US$) for the average retiree.
Using administrative data and correcting for anticipation effects, we
show that due to the change in policy there was an approximately 8
percentage point decrease in the share of men choosing to annuitize
their savings. We also show that the estimated responsiveness of the
cash-out decision to variations in a utility based measure for the annu-
ity value is comparable to results of previous studies which employed
completely different sources of variation in the annuity’s value.
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4.1 Introduction

Economic theory predicts that most people should annuitize their pension wealth.
But when international numbers are analyzed it is apparent that when given a
choice, only a minority do so voluntarily even in countries in which the annu-
itization implied by the public pension system is small. This raises questions
with regard to the adequacy of income provided in old age in many countries:
As a consequence of unfavorable demographic and financially imbalanced social
security systems, public pension annuity payments are declining and fully funded
systems which typically do not mandate annuitization are playing a greater role.

The lack of voluntary annuitization is puzzling given the numerous theoret-
ical findings following the seminal paper of (Yaari (1965)), which all suggest
sizeable benefits to annuitization. A great amount of literature has attempted
to shed light on the “annuity puzzle”,1 but it has failed to present a convinc-
ing general explanation. Adverse selection, administrative loads, the existence
of first-pillar annuities, intra-family risk-sharing, bequest motives, and a desire
to insure against expenditure spikes can rationalize the preference for the lump
sum to some degree.2 Nonetheless, the low annuitization rates remain hard to
reconcile with economic theory. Recent work on the determinants of individual
cash-out behavior includes not fully rational behavior.3

Given the very low level of voluntary annuitization observed in the real world,
the puzzle’s solution is even more difficult due to the lack of suitable data. Em-
pirical evidence that clearly identifies the determinants of the cash-out decision at
retirement are thus scarce. Notable exceptions are Hurd et al. (1998) on pension
cash-outs when changing jobs or retiring, Brown (2001) analyzing ex ante inten-
tions to annuitize, and Bütler and Teppa (2007) on the annuitization decision in
the context of the mandatory Swiss occupational pension scheme.

This paper analyzes the annuitization decision at retirement taking advan-
tage of an unprecedented and sudden change in conversion rates recently im-
plemented in Switzerland. In 2004, most large insurance companies (covering
approximately 10% of the work force) reduced their conversion rates by almost
20%. These conversion rates are used to calculate a life-long annuity based on the
accumulated retirement capital in the super-mandatory part of the second pillar.
Super-mandatory pensions represent a considerable part of retirement income in

1See Brown (2007) for an excellent review of this literature and Brown et al. (2005) for a

formal analysis of the many obstacles that may prevent a full annuitization of pension wealth.
2In a recent working paper Lockwood (2008) presents microsimulations that demonstrate

that the bequest motive might be able to explain low annuitization rates.
3See, for example, Brown et al. (2008) who find that people are more likely to annuitize

when the choice is presented to them in a consumption framework than when it is presented in

an investment framework.
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Switzerland, providing approximately 20 percent of total retirement income for
an average retiree. Reducing the conversion rate as was done here is equivalent
to a loss in present value of 20,000 CHF (≈$ 18,000) for an average individual.

To the best of our knowledge, our paper is the first to analyze such a large and
truly exogenous variation in the annuity price. With this we establish a causal
relationship between annuity values and cash-out behavior. The annuitization
decision is analyzed using the administrative records of several Swiss insurance
companies that provide occupational pension plans to small and middle-sized
firms that represent all branches in the economy. The data includes approxi-
mately 6,000 individual annuitization decisions made between 2001 and 2005,
and provides reliable and complete information on pension plan details. Our
setup evades the issue of individual self-selection into firms/plans based on unob-
served characteristics, as well as the problem of omitted variables, which would
impede the identification of the price effect.

A fraction of the individuals who had planned to retire after the policy change
obviously anticipated the change and retired earlier in order to profit from the
higher annuity. Due to this anticipation effect, a simple comparison of the cash-
out behavior before and after the policy change is likely to overestimate the effect
of the policy change. In order to address this problem of potential anticipation
we make use of the fact that it is more beneficial to retire earlier and benefit
from the pre-reform conditions for individuals with a high capital stock who are
close to the statutory retirement date at the time of the policy change. This
allows us to construct a good proxy for the likelihood an individual proactively
anticipates the change in policy. Once anticipation is accounted for, we observe
a constant annuitization rate before the policy change and an approximately 8
percentage point drop in annuitization in the year after the change. The an-
nuitization rate also remains constant in the periods preceding the reform and
following the change, respectively, when the anticipation component is filtered
out.

While the approach to regress the annuitization decision on individual con-
trols and a dummy indicating the policy change is straightforward, it has two
shortcomings. First, it does not include any measure for the annuity’s value,
which would allow us to calculate the value’s elasticity in the annuitization de-
cision. Second, the only source of identification comes from the variation in
annuity value over time. Yet, the annuity value also varies across individuals. To
address these points, we construct a utility based measure of the annuity value
(as pioneered in Brown (2001)). We find that a one percentage point increase in
annuity equivalent wealth increases the annuitization rate by approximately 0.8
percentage points, after controlling for anticipation. This estimate is remarkably
similar to estimates derived under completely different conditions (Brown (2001)
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and Bütler and Teppa (2007)).
The paper proceeds as follows. Section 4.2 describes the key features of the

Swiss social security system and the change in policy. Section 4.3 describes the
data set and analyzes the macroeconomic environment. Section 4.4 outlines the
theoretical and empirical strategy to analyze the effects of the policy change.
Section 4.5 presents the results and the conclusion is presented in section 4.6.

4.2 The Swiss social security system and pension

plan details

4.2.1 The importance of the second pillar

The core of Switzerland’s pension system are the more or less equally important
first and second pillars.4 The first pillar is a pay-as-you-go (PAYG) system and
aims at providing a basic subsistence level of income to all retired residents in
Switzerland. Benefits depend on the number of years contributed and to a limited
degree on the average working income. The statutory retirement age is 65 for
men and 64 for women. At the earliest men may claim first pillar benefits at
63 and women at 62 (at actuarially fair reductions in pension benefits).5 For
the case in which the total income is not enough to cover basic needs in old age,
means-tested supplemental benefits may also be claimed as part of the first pillar.
These additional benefits usually result in an income that is above the poverty
threshold.

The second pillar is an employer-based, fully funded occupational pension
scheme and is mandatory for all employees whose annual income exceeds a certain
minimum. In 2004 89.4 percent of working men and 71.1 percent of working
women were involved in an occupational pension plan, which corresponds to
81.2 percent of the total workforce. An employer can choose between different
organizational structures for its occupational pension plan. These range from
setting up a completely autonomous pension fund, which covers all risks, to
outsourcing the scheme entirely to an insurance company. The latter is relatively
common, particularly for small and medium sized companies.

The main goal of the occupational pension system is to maintain pre-retirement
income in addition to benefits from the first pillar. It insures income above that

4A detailed description of all of the characteristics of the Swiss social security system can

be found in Queisser and Vittas (2000) (especially concerning institutional details), and Bütler

(2004) (for the second pillar).
5Retirement at 65/64 is not mandatory by law, but rather the age of 65 for men or 64 for

women is the condition of eligibility for claiming public pension benefits. Most labor contracts

specify a retirement age that coincides with the age of eligibility.
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level that is covered by the first pillar.6 Most pension funds aim at a total replace-
ment rate of approximately 50-60 percent of insured income, including income
from the first pillar. The net replacement rate after taxes often amounts to 70-80
percent for an uninterrupted career even for higher categories of income, and can
reach 100 percent for beneficiaries with dependent children.

The insured income above the lower threshold and below the upper threshold7

is called the mandatory component, and the income above the upper threshold
is called the super-mandatory component of the second pillar. Pension insurers
are required by law to insure the mandatory share. They are free to provide
insurance for the super-mandatory share, but most do because of two reasons.
First, the second pillar is thought of as an important attribute in attracting a well-
educated workforce to Switzerland’s tight labor market. Second, both mandatory
and super-mandatory pension components enjoy a favorable tax treatment.

The mandatory part of the second pillar is subject to stringent regulation with
respect to minimum contribution rates, minimum interest rates and the rate at
which the accumulated pension wealth is translated into an annuity. Although
most pension plans are set up on a defined contribution base, the income guar-
antees (minimum accrual and interest rates, conversion factor) mandated by law
for the mandatory part make the defined benefit and contribution schemes in
practice very similar. The federal law puts very few restrictions on the contract
conditions offered by the insurance companies in the super-mandatory part. The
minimum interest rate in the super-mandatory part, which is set by the pension
fund, is normally lower than the minimum interest rate in the mandatory part
and can be adjusted according to fund performance.

The accrued capital is fully transferable when the individual changes employ-
ers. By law, when an employee goes from one company to another he receives all
of the accumulated contributions (including the employer’s part). The full sum
has to be paid into a new fund. The total amount of assets at retirement has
thus been accumulated over the entire working lifetime and is a good proxy for
lifetime income.

4.2.2 Options to withdrawal of the Swiss second pillar

The accumulated retirement capital can be withdrawn either as a monthly life-
long annuity (including a 60 percent survivor benefit), a lump sum or a mix of
the two options. In some plans the cash-out limit is equal to 50 or 25 percent
(the legal minimum) of accumulated capital. The individual must declare his

6In 2004 the threshold was approximately 20,000 CHF (≈ $ 20,000). The threshold explains

the lower rate of coverage for women, who often work part-time and thus on average earn less.
7The upper threshold is equal to three times the yearly maximum single first pillar pension

(i.e. 75,960 CHF or $ 65,000 in 2004).
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choice between three months and three years prior to the effective withdrawal
date depending on insurer regulations. Many pension insurers define a default
option for the case when the beneficiary does not make an active choice.

Occupational pension annuities are strictly proportional to the accumulated
retirement assets (contributions made during the working lifetime plus accrued
interest). The capital K is translated into a yearly nominal annuity B using the
so-called conversion rate γ: B = γK. The conversion rate is independent of
marital status, but depends on retirement age and gender. The law stipulates
a minimum conversion rate, which is currently 7.1 percent but was equal to
7.2 percent until 2004 and 7.15 percent in 2005.8 In the super-mandatory part,
pension insurers are free to set the conversion factor. Pension funds are requested
to index pension benefits to inflation if the financial situation of the fund allows
for this. At present, only few funds are able to index pensions to inflation mainly
due to high liabilities created by a very high conversion factor in the mandatory
part.

A majority of retirees covered by Swiss occupational pension plans choose
the annuity, despite the first pillar already providing an annuity stream cover-
ing subsistence needs in old age and lump sums profiting from preferential tax
treatment in many cantons (the Swiss states). Bütler and Teppa (2007) analyze
the annuitization decision at retirement, making use of variations in the annu-
ity’s value caused by differences in company pension plans. They show that the
annuity’s value is the most important determinant in the cash-out decision, but
that there are also great differences between companies. Individuals often choose
the standard option offered by the company or seem to follow their peers. Small
stocks of old age capital are much more likely to be withdrawn as lump sums.
This is probably a consequence of the fact that for small amounts of capital, it
may be optimal to spend all resources in order to qualify for means-tested social
assistance. As in other studies, Bütler and Teppa (2007) find mixed evidence for
the existence of a bequest motive. This in large part is due to the limited amount
of information they had on individual backgrounds in their data.9

In light of some recent behavioral explanations for the low demand for annu-
ities (such as Brown et al. (2008)), the unusually high degree of annuitization in
Switzerland may be attributed to the prevailing framing in the scheme: By law,
pension insurers must provide each year all of their insurees with a statement in
which not only the accumulated capital to date is reported, but also the expected

8The conversion rate will be lowered continuously to 6.8 percent in 2015.
9Bütler and Teppa (2007) report that divorced and widowed men (who are much more likely

to have children) have a higher propensity to cash-out than singles at the margin, although the

former have a higher remarriage rate and should therefore choose the annuity more often. This

finding may be interpreted as an indicator for the existence of a bequest motive.
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anticipated annuity stream (based on an extrapolation of current earnings and
interest rates). Although the accumulated capital is reported on the statement,
the space dedicated to annuity streams (including survivor benefits and disability
benefits) is much bigger. The statement thus comes close to what Brown et al.
(2008) call a consumption frame.

4.3 Data

Our data set consists of administrative records of individuals covered by occupa-
tional pension plans provided by large Swiss insurance companies. The private
firms which outsource their second pillars to these insurance companies are typ-
ically small and are active in several branches of the economy. The sample is
restricted to defined contributions (DC) plans. The data is a repeated cross-
section, each individual is only observed once at retirement. For the companies
in our sample, we were given information about all employees who retired be-
tween 2001 to 2005. We use the records for the years 2001 to 2003 as the “before”
period and those for 2004 and 2005 as the “after” period.

In the analysis we will focus on men for two reasons. First, the retirement age
for women was raised twice over the period of interest (in 2001 from 62 to 63 and
in 2005 from 63 to 64). Second, women generally have a much lower amount of
capital stock in the super-mandatory part and are thus affected much less by the
decrease in the annuity’s value. We also exclude from our sample 44 individuals
with a total capital stock more than 1,500,000 CHF. Men with a higher capital
stock are likely to be covered by supplementary insurance for managers. The
chosen threshold corresponds to approximately four times the average second
pillar capital stock at retirement as calculated in Bütler and Teppa (2007). We
also drop 37 individuals who retired before reaching the age of 60. Retirement
before age 60 is very unusual for the companies in our sample and is often an
indication of poor health or a difficult employment situation. The final sample
thus consists of 5,855 men, with retirement ages between 60 and 70.

For each individual we have information on their date of birth, retirement
date, annuitization decision, amount of accumulated capital stock, name of em-
ployer, earnings in the last year before retirement, as well as the individual specific
conversion factor of the mandatory and super-mandatory amounts. For individ-
uals retiring in 2003 and before, we only know their total capital stock, but not
how it’s split up between the mandatory and super-mandatory parts. However,
the imputation of the amount in the super-mandatory part is straightforward and
not sensitive to the chosen method.10

10To calculate the amount of super-mandatory capital we used the estimated amount of

super-mandatory capital as a function of the retiree’s age and his total capital stock with the
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Nonetheless, the data suffer from a number of shortcomings. In particular, the
insurance companies do not collect any information on non-pension wealth, mar-
ital status, education, health, occupation, or other indicators of socioeconomic
status, even though such factors are likely to be related to the risk of mortality.
Nonetheless, we have no reason to believe that these factors differ in a significant
way from one year to the next.

It should be noted that the data is not representative for Swiss second pillar
beneficiaries. The individuals in the sample are on average poorer as measured by
their accumulated pension wealth, retire approximately 2 years later and choose
to cash-out much more often. These statistics mirror the fact that insurance
companies in general provide second pillar plans for smaller firms with a less
educated and lower paid workforce.11

4.3.1 Pension plan details and the policy change

The insurance companies in our sample provide insurance for both the mandatory
and the super-mandatory parts of pension plans. The statutory age of retirement
is set at 65 for men. Early retirement, starting at age 55, as well as working
beyond planned retirement is possible. With regard to early retirement, the
conversion rate is reduced by approximately 3 percent for each month, while it
is raised by around 2 percent per month if retirement occurs after the statutory
retirement age. At retirement the individual can choose between an annuity, a
full lump sum or a mixture of the two. The insurance companies in our sample
require three months advance notice in making a decision and force individuals
to make a timely decision (no defaulting).

Until the end of 2003 conversion rates of the mandatory and super-mandatory
parts coincided with the statutory proposed conversion rates, despite the fact
that the insurance companies were free to set the conversion rate of the super-
mandatory part. Such high conversion rates threatened to create losses in the
future. As a consequence, in 2003 most large insurance companies decided to
drastically reduce their conversion rates of the super-mandatory part by January
2004, arguing that due to the increase in life expectancy, annuities have become
too generous compared to the individual contributions. For a man retiring at age
65 the conversion rate was reduced from 7.2 percent to 5.835 percent and for a

estimates taken from the 2004/5 retirees. Details about this imputation strategy can be found

in the appendix. We also experimented with other ways to impute the super-mandatory share,

but experienced little sensitivity as to the method of imputation.
11Unlike many other countries, well educated and high income workers in Switzerland tend

to retire at an earlier age than their less educated and lower paid colleagues. This most likely

is a consequence of very high replacement rates in the second pillar for high income workers

(Bütler et al. (2004)).
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woman retiring at age 62 from 7.2 percent to 5.454 percent.12 The reduction in
the conversion rates was almost the same for all insurance companies. According
to the insurance companies, this is because they based their calculations on the
same mortality table.13 The policy change was announced 7 months before it
became effective, i.e. in June 2003, and was extensively discussion in the media.

4.3.2 Descriptive analysis

Table 4.1 provides summary statistics for the most important variables in our
data set. Prior to the policy change, i.e. for 2001 to 2003, the average conver-
sion rate at retirement in the mandatory and super-mandatory part match and
are practically constant over time. In 2004 and 2005 the conversion factor in
the super-mandatory part is on average 18 percentage points lower than in the
mandatory part. The average retirement age remained fairly constant across the
different years: 72.1 percent of all men in our sample retire at the statutory age
of 65.

A large fraction of the beneficiaries chose a polar option (full lump sum or full
annuity) and did not distinguish between the mandatory and super-mandatory
part of the insurance, although the implicit annuity prices are dramatically differ-
ent after 2003. Between 56.6-72.7 percent of all men chose a lump sum, another
25.5-39.4 percent chose full annuitization, whereas only 1.9-4.0 percent opted for
a mixed option. The percentage of annuitants fell considerably in 2004, thereby
providing the first evidence that the policy change had an effect on cash-out
behavior.

Approximately two thirds of the total accumulated capital is in the mandatory
part and one third in the super-mandatory part. The average stock of capital in
the super-mandatory part is much higher in 2003 prior to the policy change. This
jump in super-mandatory capital is accompanied by a greater number of retirees,
a slightly lower than average retirement age, an upward jump in pre-retirement
wage and a higher annuitization rate. Taken together, the numbers indicate that
the policy change may have triggered not only a higher cash-out rate, but also a
shift in retirement to take advantage of the advantageous conditions prior to the
change for those most affected by the reform.

Figure 4.1 shows a sharp increase in the number of annuitants in the month
just preceding the conversion rate reduction, providing additional evidence for

12The difference in conversion rates between men and women is the result of a lower female

retirement age not a difference in longevity. As the survivor component of the second pillar is

free, men and women cost approximately the same for the pension insurer provided they retire

at the same age.
13Calculations of the adjusted conversion rates were based on a life expectancy of 83 years

for men and 89 years for women.
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Figure 4.1: Monthly retirement numbers
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Notes: The Figure displays monthly retirement numbers for men, years 2001-2005 (left scale), and the difference

between lump sum and annuity (in percentage points, right scale).

potential anticipation effects. Not less than 26 percent of all retirees in 2003
retired in December 2003, and December 2003 is the only month, in which the
annuity is chosen more often than the lump sum. Individuals thus seem to have
been aware of the policy change and possibly adjusted their behavior accordingly.
Not taking this anticipation effect into account would cause an upward bias of
the impact of the policy change on cash-out behavior.

4.3.3 The environment of the policy change

An important concern in our setup is that other institutional and macroeconomic
factors relevant for the annuitization decision might have changed about the same
time as the change in policy. The insurance companies in our sample did not
report any other changes to retirement plans for men during the period. Neither
did the occupational pension law for men change.

As for the macroeconomic environment, things are more complicated. Unfor-
tunately, data from other insurance companies that did not reduce their conver-
sion rates and could potentially be used as a control group to account for changes
in the economic environment are not available. The implied conversion factor of
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the most popular (two-life) annuities offered in the very small unregulated mar-
ket stayed practically constant over the entire period. However, these annuities
constitute a poor benchmark, due to the very thin market in which they oper-
ate. Under these circumstances, our strategy is to control for all macroeconomic
factors that are relevant for the annuitization decision. In the final analysis inter-
est rates are the only macroeconomic variables we kept. Other macroeconomic
indicators such as the unemployment rate varied very little over the period of
analysis or were not available at monthly frequencies.

If people expect future interest rates to rise, investment opportunities yield
a higher payoff and hence the lump sum option becomes more attractive.14 We
construct an actuarial factor to capture changes in the yield curve: The variable
PV(income), computed for each month in our dataset, corresponds to the mor-
tality adjusted present value of an annual income stream for a 65 year old single
man until the end of his life. Multiplied by the conversion factor, this actuarial
factor yields the money’s worth ratio of a constant annuity for a single men.15

Figure 4.2 presents the monthly share of individuals taking a lump sum (left
scale) together with the companies’ conversion rate at retirement age 65 in the
super-mandatory part (right scale) and a hypothetical market conversion rate at
age 65 based on the actuarial factor PV(income). The conversion rate in the
super-mandatory part fell from 7.2 percent in December 2003 to 5.845 percent
in January 2004. Over the same period the fraction of individuals taking the
full or partial lump sum increased from 46.2 percent to 84.7 percent. From mid-
2004 to mid-2005 interest rates fell by almost one percent on average, leading to
an increase in the hypothetical market conversion rate relative to the companies’
conversion rate. The recovery in the annuitization rate as shown in Figure 4.2 and
also evident from Table 4.1 (over the same period the percentage of annuitants
rose by around 8 percentage points) can be seen as informal evidence for the
relevance of interest rates for the annuitization decision.

14Milevsky (1998) argues that one of the reasons for the weak demand for voluntary annuities

is the individual draw towards investing in risky assets in order to receive higher expected

returns.
15We use nominal yields on Treasury bonds with maturities of 1, 2, 3, 4, 5, 7, 8, 10, 20 and

30 years reported by the Swiss National Bank (SNB (2007)) to calculate the expected nominal

short rate in each future period. Data on mortality rates are based on the mortality tables

created by the Swiss Federal Statistical Office (Kohli (2005)) over the period 1998-2003. We

have also experimented with other summary measures for potential investment yields. However,

the estimation results were not sensitive as to the yield measure employed.
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Figure 4.2: Impact of Policy Change on Conversion Rates and Annuitization
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4.4 Theory and empirical strategy

The (money) value of an annuity is determined essentially by the conversion rate
and the relevant interest rates at the time of retirement. The 19 percent reduction
in the conversion rate of the super-mandatory part is thus accompanied by an
equal net present value loss of the annuity relative to the lump sum. For the
average male retiree at age 65, the decrease in the net present value of the benefit
stream amounted to approximately 20,000 CHF (≈$ 18,000). Before the policy
change a conversion rate of 7.2 percent would have generated a yearly annuity
payment of 7,920 CHF in the super-mandatory part; afterwards the applicable
conversion rate of 5.835 percent only yielded a yearly pension of 6,420 CHF.

Individuals with a higher capital stock in the super-mandatory part are more
affected by the policy change in absolute terms. Therefore, we can expect the
impact of the policy change on the cash-out behavior to be strongest among
those individuals. We should observe no reaction to the policy change among
individuals with zero or negligible amounts in the super-mandatory part of the
system.
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Based on the results of previous studies, we also expect a higher probability
to cash-out retirement wealth for those with low capital stocks. The main reason
for that behavior lies in the availability of social assistance in the form of supple-
mental benefits. This is true because an annuity, even a small one, is detrimental
to the eligibility for income support.

Prior to its adoption, the policy change had been subject to extensive discus-
sions in the media. As a consequence, the policy change and its consequences
became public knowledge and we can expect that some people may have chosen
to retire earlier to benefit from the higher conversion rate. This is particularly
true for individuals that had planned to retire not too long after the policy change
and wanted to annuitize their accumulated assets at the pre-reform conversion
rate. Ignoring the anticipation effect will lead to biased estimates of the effects of
the policy change; strategies to deal with anticipation effects are outlined below.

4.4.1 Before and after comparison

A straightforward way to analyze the effects of the policy change is to compare
the behavior before with the behavior after the policy change. This comparison
is done estimating a regression in the form

LUi = f(α + βAFTERi + x′iγ + ǫi) (4.1)

where LUi is a dummy, which takes the value of 1 if the individual chooses
the lump sum or a mixed option and 0 in the case of an annuity.16 AFTERi

indicates whether the individual was affected by the policy change and xi is a set
of covariates for person i (accumulated total capital stock in 100,000 CHF, square
of accumulated capital stock, last wage, and age dummies). As outlined above we
include an actuarial factor (PV(income)) to account for changes in the economic
environment (in particular, the fact that alternative investment opportunities
potentially influence the annuitization decision). In our regression framework,
the coefficient of interest β therefore measures the effect of the policy change on
the cash-out behavior of men in our sample.

In the tables we report the coefficients of a linear probability model. We also
run regressions with probit and two-sided Tobit models. The resulting effects
from these latter models are very close to the coefficients estimated with a simple
linear probability model.

16The reasoning behind this strategy is that in the case of a mixed option the insurance

companies pay out the annuity from the mandatory capital and the lump sum on the remaining

capital. Therefore, choosing a mixed option is equivalent to choosing a lump sum in the super-

mandatory part.
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4.4.2 Anticipation effects

Potential anticipators are individuals who will turn 65 shortly after the policy
change, and have some of their pension wealth in the super-mandatory part of
the occupational pension plan. Anticipating retirement comes at the cost of losing
additional contribution months and years that would have led to both a higher
amount of capital stock and a higher annuity. Taken together and neglecting
the disutility of labor, both the utility value of the lump sum and annuity are
increasing with the age of retirement, as depicted schematically in Figure 4.3.
The decrease in the conversion rate leads to a discontinuous fall in the utility
value of the annuity, but not of the lump sum.

The individual foresees an earlier retirement if the utility value of the annuity
just before the policy change exceeds the utility value of the chosen payout option
at the statutory retirement age. A differentiation can be made between three
cases, of which two are presented in Figure 4.3. First, individuals whose valuation
of the annuity before the policy change does not significantly exceed that of
the lump and who would cash out after the policy change (see upper panel in
Figure 4.3) These individuals can be expected to retire earlier provided they are
close to the statutory retirement age: The higher the pre-reform ratio between the
value of the annuity and the lump sum, the more likely is an earlier retirement.
The second case is similar to the first, but deals with individuals who would
have annuitized even after the loss in the annuity’s value (see lower panel in
Figure 4.3). Again these individuals are more likely to retire earlier. The third
case concerns individuals who would have chosen the lump sum even before the
change and are thus clearly not susceptible to an anticipation effect.

Ad hoc correction of anticipation effects

The first strategy to deal with potential anticipation effects is to use an ad-
hoc correction of potential anticipators’ behavior: Instead of taking their chosen
retirement date (which corresponds to the one or two months immediately pre-
ceding the policy) for the year-by-year comparisons, we make them retire either
at the statutory retirement age of 65 or in the year 2004 (the year after the policy
change). This procedure should provide us with reasonable bounds as to the ef-
fect of the policy change. A drawback of this procedure is that although potential

anticipators can easily be identified — individuals retiring early with a positive
amount in the super-mandatory part —, some of those who retired early in late
2003 might have done so even in the absence of the conversion rate change.

To illustrate the implications of the proposed strategy let LU0 and LU1 be the
fraction of individuals taking the lump sum under the retirement conditions before
and after the policy change. Without any loss of generality we assume that the
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Figure 4.3: The Annuitization Decision of Potential Anticipators

Notes: This Figure displays potential anticipators foreseeing a decrease in the annuity’s value. The solid line

represents the individual’s utility valuation of the lump sum, assumed to increase with age due to additional

contributions. The dashed line represents the annuity’s value. Early retirement is anticipated if the annuity’s

value just before the policy change exceeds the annuity’s value or the lump sum, respectively, at the statutory

retirement age.
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number of retirees in the absence of anticipation is equal in the two periods and
normalized to 1. Had the reform come as a surprise, we could simply compute
∆true = LU1 − LU0 to quantify the impact of the reform on the annuitization
decision. As outlined above, however, there are two groups of people likely to
retire earlier to benefit from a higher annuity value before the policy change (see
also Figure 4.3): Let AA and AL denote the anticipators (measured as a fraction
of all retirees after the policy change) who would have chosen the annuity and
the lump sum, respectively, after the policy change. If anticipation occurs, we
therefore observe

∆bias =
LU1 − AL

1− AL− AA
−

LU0

1 + AL+ AA
,

which clearly shows that this measure is biased.
If we were able to correctly identify anticipators (AA + AL), but unable to

distinguish between the two groups, we could compute upper and lower bounds
for the policy effect as follows: An upper bound for the impact can be found by
letting all anticipators choose the lump sum instead of a reduced annuity after
the policy change, ∆ = (LU1 + AA) − LU0 > ∆true. Letting the anticipators
choose the annuity even after the policy change defines a lower bound, ∆ =

(LU1 −AL)−LU0 < ∆true. In that latter case the policy change merely leads to
a change in the timing of retirement, but not to a change in the pay-out option.
The higher the fraction of anticipators, the wider the bounds will be. The same
strategy also delivers bounds for other year-by-year comparisons of annuitization
rates.

Unfortunately, this ad-hoc strategy is susceptible to individuals who are falsely
identified as anticipators. It can be shown that if there are not too many false
anticipators, the bounds still contain the true effect,17 but the gap between the
bounds widens and the strategy delivers worse bounds for other year-by-year
comparisons.

Proxy for the likelihood to anticipate

If we knew who retired earlier as a reaction to the future decrease in the annuity’s
value, we could simply add an additional regressor a in the estimation. But,
unfortunately, this information is unavailable because not all of those individuals
retiring earlier just before the change do so because of the policy change. The
second strategy is to construct a suitable proxy z for the unobserved anticipation

17Taking into account false anticipators F reduces the upper bound to ∆F =
(LU1+AA+F )

1+F
−

LS0

1−F
, and the lower bound to ∆F =

(LS1−AL)
1+F

− LS0

1−F
.
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and earlier retirement decision a. Such a proxy has to satisfy two conditions:18

1. z must be redundant, i.e., in a conditional sense z is irrelevant in explaining
the choice of the pay-out option, once anticipation a and other covariates
x have been controlled for.

2. z’s relation to the anticipation and earlier retirement decision a should be
close enough so that once z is included in the estimation equation, the
covariates x are not partially correlated with a.

From the graphical analysis drawn in Figure 4.3 it follows immediately that the
cost of not anticipating and retiring earlier increases with the age of potential
anticipators at the time of the policy change. The cost is 0 for people turning 65
before the policy change, jumps to a maximum for people who turn 65 just after
the change and then decreases with the increasing time span between the policy
change and the date of the statutory retirement age of a potential anticipator.
The individual has to balance the advantages of anticipating the policy change
and retiring earlier (thus benefiting from a higher pre-change conversion rate)
against the cost of extra contribution years that are forgone when retiring early.
Following the visual presentation in Figure 4.4, we take as a base proxy a maximal
cost (assumed to be 10) minus the number of years between the policy change
and the date of retirement at the statutory age 65, i.e., a maximal cost minus the
number of years for which additional contributions are forfeited for those who are
affected by the reform (0 otherwise).

The chosen proxy satisfies the first requirement. Given the value of the annu-
ity relative to the lump sum and the age of the individual, the time span between
the date of the policy change and the individual’s 65th birthday is redundant for
the choice of the option. For the second requirement — the correlation between
the omitted anticipated earlier retirement decision a and each of the covariates x
proxy is zero once we partial out for z – it can be argued that all true anticipators
(a = 1) are picked up by the proxy variable.

However, anticipated early retirement is not only driven by the length of the
anticipated early retirement period, but also by the magnitude of the anticipated
benefit per period. The latter is directly related to the size of the capital stock
in the super-mandatory part. Taken alone, the proxy z as depicted in Figure 4.4
might not be fully informative. To capture the impact of the super-mandatory
capital stock on the anticipated earlier retirement decision, we also interact the
proxy with the size of the capital stock in the super-mandatory part.

To account for the fact that the utility value of the annuity does not increase
linearly with the super-mandatory capital, we also include its square interacted

18See Wooldridge (2002) (Section 4.3.) for details concerning the properties of the estimators

when using proxies for omitted variables.
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with the proxy. Note that if the base proxy does not have a zero mean in the
population (which is obviously not the case here), OLS does not consistently
estimate the size of the policy impact. As we do not know its population mean,
we demean the proxy variable before interacting it with the super-mandatory
capital stock. Once interaction effects with the capital stock are included, we
would expect the base proxy to no longer have an impact on the choice between
the lump sum and the annuity.

Figure 4.4: Construction of the Proxy Variable

Notes: This Figure displays the construction of a proxy c for the likelihood of anticipating early retirement in

light of the decrease in the annuity’s value. The base proxy c is zero for individuals who reach the statutory

retirement age before the reform and is maximal for those who turn 65 just after the policy change.

4.4.3 The responsiveness to changes in the annuity’s value

The regression approach taken above allows us to clearly identify the effects of
the policy change, as long as there are no unobservable factors that are correlated
with the cash-out behavior and that may have changed with the policy change.
However, this has two shortcomings. First, it makes it impossible to measure the
elasticity of the annuitization decision with respect to the change in the annuity
value, since we have measured only the numerator (the change in the cash-out
behavior) but not the denominator (the change in the value of the annuity). The
second drawback is that the value of the annuity depends in a nonlinear way on
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the price of the annuity, the individual’s retirement age and his/her accumulated
retirement capital, especially in the presence of first-pillar annuities.

To address these points, we calculate the annuity equivalent wealth (AEW)
for each individual in our data set. The AEW is a utility-based measure of
annuities that has been used in previous studies by Friedman and Warshawsky
(1988), Mitchell et al. (1999), Brown (2001), and Mitchell and McCarthy (2002).
Using this measure we then estimate regression models of the form:

LUi = f(α + βAEWi + γyeart + x′iδ + ei) (4.2)

where AEWi is equal to the annuity equivalent wealth of individual i, yeart is a
set of retirement year dummies, and xi consists of a set of other covariates, such
as capital, capital squared, retirement age, last wage and a measure for bond
yields in the month of retirement. The coefficient of interest is β, which can be
interpreted as the responsiveness of the demand for the annuity to changes in the
annuity’s value.

4.5 Results

As outlined in the previous section we adopt two strategies in dealing with an-
ticipated earlier retirement effects. The first is an ad-hoc correction in which we
treat potential anticipators as if they retired at their statutory retirement age.
The results are shown in Table 4.2, columns (A1) to (A4). The outcomes of
the proxy variable OLS estimations are shown in Table 4.3. All specifications in
Tables 4.2 and 4.3 include retirement age dummies, capital, the capital squared,
the last wage and a summary measure for interest rates.

Before-after comparisons, ad-hoc correction for anticipation

Table 4.2 shows the uncorrected estimates of equation (4.1) in column (A0) to-
gether with two bands for the true effect derived from two different choices of the
retirement period of potential anticipators. Although prima facie there is little
reason to retire in November 2003 (instead of December 2003), the uncertainty ac-
companying the policy change might have induced some individuals to choose the
earlier exit out of the labor market despite the loss of annuity income. Including
November early retirees however renders the strategy more susceptible to falsely
identified anticipators. This is confirmed by a lower upper bound in the 2003/4
comparison and a higher upper bound in the 2002/4 comparison. Moreover,
columns (A3) and (A4) show a significant increase in the lump sum withdrawal
from 2002 to 2003 (contrary to a fall in the cash-out rate without controlling for
anticipation), potentially showing an over-correction of the anticipation effect.
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Recall that if we assume people stick to the annuity when they can not an-
ticipate the change in policy, the effect of the policy change on the annuitization
decision is eased (this gives us a lower bound of the effect of the policy change).
On the other hand, if people instead cash-out their retirement balances, the ef-
fects of the policy change on cash-out behavior is amplified (this is the upper
bound). If individuals would otherwise retire at age 65 and still take the annuity
(columns (A2) and (A4)), the lower bound for the policy change is found to be
small or even insignificant. If we assume that individuals switch to a lump sum,
the effect of the policy change remains significant and relatively large. This is
also confirmed by the bounds for the impact of the policy change comparing the
years 2002 and 2004.

All in all, the estimates shown in Table 4.2 suggest a sizeable effect of the
policy change, about 5 to 10 percentage points, and a relatively constant cash-
out behavior in the periods preceding and following the policy change. In some
cases the bounds are very wide. This is a consequence of both the large number
of anticipators relative to the total number of retirees, as well as the possibility of
falsely identified anticipators. Not all retirees in December (and even more so, in
November) 2003 who take an annuity and retire before the statutory retirement
age have retired earlier as a consequence of the policy change.
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Proxy for anticipation decision

Table 4.3 reports the estimation results from a linear probability model with and
without a proxy correction for anticipation for the entire duration of our data.
We also experimented with more sophisticated empirical models instead of the
linear probability model. The marginal effects of the policy change derived from
Probit or Tobit models differ little from the linear probability model (not shown
here).

Table 4.3, column (P0) displays the results of estimating equation (4.1) with-
out controlling for anticipation. These estimates show a decrease in the cash-out
rate prior to the change (represented by a positive coefficient before the dummy
year 2002), a highly significant 12.9 percentage point increase in the probability
to take the lump sum as a consequence of the policy change and a mild recovery
of the annuitization rate one year after the policy was implemented. As outlined
before, these estimates are likely to overstate the true effect of the policy change
due to the option to retire early.

The results of a simple proxy-variable OLS estimation (Table 4.3, estima-
tion P1) do not differ significantly from the more sophisticated proxy estimation
in which the time cost is interacted with the amount of capital in the super-
mandatory part of the second pillar and its square (Table 4.3, estimation P2).
In the latter, the impact of the simple proxy vanishes as expected, as the cost of
non-anticipation is approximately proportional to the length of the anticipation
period multiplied by the magnitude of the benefit.

The proxy variable OLS estimations show a robust increase in the cash-out
rate by nearly 8 percentage points as a consequence of the policy change, regard-
less of whether the simple or the interacted proxy is employed. The estimated
coefficient lies within the bounds derived by the simple ad-hoc strategy (Table 4.2)
if only early retirees in December are considered potential anticipators. The effect
exceeds the upper bound if the ad-hoc procedure also includes early retirees from
November. This might also be the consequence of the latter strategy’s higher
exposure to falsely identified anticipators.

Both the period preceding the policy change and the period following the
change do not display any significant tendency in the probability to annuitize
retirement wealth, once the impact of the interest rate on the money value
of an annuity have been taken into account (captured by the actuarial factor
PV(income)). Again this finding is consistent with the results of the ad-hoc
strategy.

Other covariates in our estimations show the expected sign and magnitude:
The probability to annuitize is always lowest for individuals with a low capital
stock (presumably as a consequence of the availability of means-tested income
support), then increases and reaches a maximum at around 700,000 Swiss francs
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Table 4.3: OLS estimation results of the annuitization decision
uncorrected proxy proxy interacted

Option LS Coef. (Std.) p Coef. (Std.) p Coef. (Std.) p
(P0) (P1) (P2)

Capital (100k) -.088 (.008) *** -.086 (.008) *** -.085 (.008) ***
Capital sq .005 (.001) *** .005 (.001) *** .006 (.001) ***

Wage (100k) .029 (.020) *** .029 (.010) *** .029 (.010) ***
R.A. 60 .033 (.037) .064 (.037) * .060 (.037)
R.A. 61 .062 (.035) * .105 (.034) *** .106 (.033) ***
R.A. 62 .031 (.029) .086 (.030) *** .078 (.029) ***
R.A. 63 -.006 (.025) .062 (.026) ** .048 (.025) *
R.A. 64 -.106 (.024) *** -.013 (.028) -.014 (.028)

R.As. 66-70 YES YES YES
Post2003 .129 (.019) *** .076 (.020) *** .077 (.020) ***

Y01 .011 (.027) -.051 (.029) * -.052 (.029) *
Y02 .043 (.022) * -.022 (.024) -.022 (.024)
Y05 -.058 (.028) ** -.037 (.028) -.038 (.028)

PV(Income) -.021 (.024) -.047 (.024) ** -.049 (.024) **
Proxy Anticip -.026 (.004) *** -.003 (.005)
Proxy*Sup65 -.016 (.003) ***

Proxy*Sup65sq .001 (.000) ***

Annuity max 808k 786k 739k
R squared 0.048 0.057 0.064

No. Obs 5677 5677 5677

Notes: This table shows the linear probability estimates of the lump-sum / annuity decision (equation 4.1).

Anticipation effects are corrected using a proxy (last two estimations). Significance levels: *** = 1%, ** = 5%,

* = 10%.

and declines with even higher capital stocks. Holding constant the capital stock,
higher income men are more likely to take the lump sum. A possible explanation
for this finding is that individuals with greater income (and thus higher produc-
tivity) are more likely to take up another job after retirement, which would lessen
their demand for an annuity, not least for tax reasons.

The actuarial factor as a summary measure for interest rates, PV(income),
has the expected negative sign, once the possibility to retire early is taken into
account. An increase in the mortality adjusted present value of an income stream
of 1 for a 65 year old single man increases the annuitization probability by ap-
proximately five percentage points. Given that the downward shift in the yield
curve from 2004 to 2005 led to an increase in PV(income) by approximately 0.8,
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a sizeable fraction of the recovery in annuitization rates from 2004 to 2005 can
be explained by the increase in the annuity’s value.

In the uncorrected estimation, men who retire at age 64 seem to have a much
higher probability to take the annuity than those who retire at age 65. A likely
interpretation for this finding is that early retirement (to take advantage of the
higher conversion rate) is particularly interesting for men who are close to age
65 at the time of the policy change. The second and third columns of Table 4.3,
(P1) and (P2), which take into account anticipation, confirm this inference. The
64 year old do not display a different cash-out behavior than the 65 year old.

The likelihood to cash-out retirement balances is higher for individuals under
the age of 63. A possible interpretation for this finding is that these retirees have
liquidity constraints and take the lump sum to bridge the time until the earliest
first-pillar benefits are available (from age 63 at an actuarially fair reduction of
the benefit).19 Cash-out rates are still somewhat higher for 63 year old retirees,
but the difference between 63 and 65 year old behavior is considerably smaller
and barely significant.

4.5.1 Parameterized model

To estimate the responsiveness of the annuitization decision with respect to the
change in the annuity’s value, we regress the variable Option Lump Sum on the
AEW (for different levels of risk aversion), a series of year dummies and other
covariates. The results for three coefficients of relative risk aversion are shown
in Table 4.4. The first column (estimation V0) presents the baseline case. The
estimate implies that a one percentage point increase in the AEW increases the
annuitization rate by 0.86 to 1.12 percentage points, depending on the level of
risk aversion. The policy still has a significant positive effect on the annuitization
rate, but the coefficient is less than half of that compared to specification without
AEW .

As the AEW and the Option Lump Sum are almost certainly correlated with
the unobserved anticipation decision, one concern is that these values are upward-
biased. In fact, some retirees can choose to increase their AEW by withdrawing
from the work force before the end of 2003. To correct for anticipation effects,
we present the results of the proxy-variable OLS estimation (second column of
Table 4.4, estimation V1). Including a proxy-variable reduces the estimated
impact of the AEW. The implied responsiveness of the annuitization decision
with respect to the change in the annuity value is between 0.8 (CRRA=4) and
0.99 (CRRA=0). Furthermore, the effect of the policy change on the cash-out

19Recall that the individuals in our sample usually receive a higher benefit from the first

pillar than from the second.
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Table 4.4: OLS estimation results of the parameterized model
uncorrected proxy proxy interacted

Option LS Coef. (Std.) p Coef. (Std.) p Coef. (Std.) p
(V0) (V1) (V2)

none Post2003 .128 (.018) *** .076 (.020) *** .077 (.020) ***
Y01 .011 (.027) -.060 (.029) ** -.062 (.029) *
Y02 .043 (.022) * -.023 (.024) -.024 (.024)
Y05 -.058 (.028) ** -.037 (.028) -.037 (.028)

AEW0 -1.117 (.170) *** -.993 (.171) *** -.883 (.172) ***
CRRA=0 Post2003 .049 (.022) ** .011 (.023) .018 (.023)

Y01 .008 (.027) -.056 (.029) * -.057 (.029) **
Y02 .040 (.022) * -.020 (.024) -.021 (.024)
Y05 -.071 (.028) ** -.051 (.028) * -.049 (.028) *

AEW2 -1.013 (.141) *** -.925 (.141) *** -.877 (.142) ***
CRRA=2 Post2003 .050 (.021) ** .010 (.022) .013 (.022)

Y01 .010 (.027) -.055 (.029) * -.056 (.029) *
Y02 .041 (.022) * -.019 (.024) -.020 (.024)
Y05 -.072 (.028) ** -.052 (.028) * -.051 (.028) *

AEW4 -.860 (.122) *** -.795 (.122) *** -.775 (.122) ***
CRRA=4 Post2003 .061 (.021) *** .018 (.022) .020 (.022)

Y01 .011 (.027) -.055 (.029) * -.056 (.029) *
Y02 .043 (.022) * -.019 (.024) -.019 (.024)
Y05 -.071 (.028) ** -.051 (.028) * -.051 (.028) *

Notes: This table reports the estimates of the parameterized model (equation (4.2)). Coefficients for measures

of Annuity equivalent wealth (AEW with coefficients of relative risk aversion (CRRAs) of 0, 2, and 4) and

dummies for policy change and other years in a linear probability model. Dependent variable is Option Lump

Sum, other covariates include capital and its square, the individual’s last wage and retirement age dummies.

Anticipation effects are corrected using a proxy (last two columns, as in Table 4.3). Significance levels: *** =

1%, ** = 5%, * = 10%.

behavior becomes insignificant, consistent with the idea that the time cost is good
proxy for the anticipation decision: The AEW completely picks up the effect of
the policy change, once the self-selection into early retirement is fully accounted
for.

Finally, column 3 (estimation V2) reports the results of the OLS regression in
which the proxy is interacted with the total capital stock and its square. The ef-
fect of the AEW is somewhat smaller than in column 2, but still very sizeable. For
both the risk neutrality (CRRA=0) case and medium risk aversion (CRRA=2)
a one percentage point increase in the AEW results in a 0.88 percentage point
increase in the annuitization rate. For the higher level of risk aversion (CRRA=4)
is amounts to a 0.78 percentage point increase. These estimated values are close
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to previous studies despite the fact that these use completely different sources
of variation in the AEW, namely differences across company pension plans and
individual characteristics: They are somewhat lower than the one percent in-
crease in the probabability to annuitize for a one percent increase in the AEW
as reported by Brown (2001) (men and women pooled), but higher than the 0.44
percent estimate for men only reported in Bütler and Teppa (2007).

4.6 Concluding Remarks

To the best of our knowledge, our paper is the first to analyze the effects of a
truly exogenous variation in the annuity price on the cash-out behavior at retire-
ment. The annuitization decision is analyzed by exploiting a recent policy change.
Several Swiss insurance companies reduced the conversion rate at which the re-
tirement capital in the super-mandatory part of the second pillar is translated
into a life-long annuity by nearly 20 percent.

Despite the fact that the administrative data made available by Swiss in-
surance companies contain no information on non-pension wealth and limited
individual information, they offer many advantages over existing empirical stud-
ies. The data set is made up of real rather than planned annuitization decisions.
Individual decisions involve very large amounts of money (approximately 220,000
US$ on average) and some individuals had to make retirement choices subject to
great differences in prices. We therefore believe that individuals spend more time
in the decision-making process than answering a questionnaire on hypothetical
choices.

The empirical results highlight the importance of the annuity price for the
annuitization decision. As a consequence of the policy change the fraction of
individuals choosing a lump sum increases by approximately 8 percentage points.
This estimate already takes into account that some individuals do not only change
their cash-out behavior as a reaction to the change in policy, but also anticipate
retirement to benefit from the more favorable pre-reform conditions. Once antic-
ipation is properly taken taken into account, we find constant cash-out rates in
the periods before and after the reform.

An annuity provides insurance against the risk of outliving one’s assets in old
age. To accurately measure the impact of the implied change in the annuity’s
value as a consequence of the policy change, we compute the annuity equivalent
wealth (AEW) within a life-cycle framework previously applied by Brown and
Poterba (2000) and Brown (2001). We find that a one percentage point increase
in the AEW raises the probability to annuitize by around 0.8 percentage points.
This responsiveness is slightly lower than in previous empirical studies by Brown
(2001) (for men and women) and somewhat higher than the corresponding es-
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timate for men only in Bütler and Teppa (2007). Nonetheless, given that the
variation in the annuity’s value differs so much between these studies, the effect
of the annuity’s value on the decision (not) to annuitize seems remarkably ro-
bust across different countries, pension plan details and the manner in which the
choice is elicited.



Chapter 5

Epilogue

As a result of an unprecedented increase in life expectancy and a substantial
reduction in fertility rates over the last four decades, most industrialized coun-
tries are experiencing significant population aging. This thesis has explored the
consequences of these distinct demographic changes in three different areas of
economic life.

Chapter 2 studies trends in the allocation of time in five industrialized coun-
tries over the last thirty years. The findings suggest that time spent in market
work, nonmarket work, and leisure has converged across countries over time. On
the other hand, the dispersion of leisure increases in all countries despite different
trends in mean leisure. Finally, applying an Blinder-Oaxaca type decomposition
shows that unconditional convergence across countries is due to decreasing differ-
ences in the allocation of time within demographic groups rather than differences
in demographics. In light of these results, two questions for future research au-
tomatically arise. First, to what extent does the increase in leisure at the top
of the leisure distribution reflect involuntary unemployment because of adverse
labor market conditions. Second, if not demographics what factors can explain
cross-country differences in time use?

Chapter 3 exploits a large policy change in Austria to examine how stricter
eligibility rules for disability benefits affect the labor supply of older workers close
to retirement. The findings suggests that disability enrollment dropped signifi-
cantly after the reform became effective. However, there is only little evidence
that the change in law had a positive effect on employment, mainly because the
unemployment and sick leave insurance program absorbed a large fraction of the
workers who did not qualify for disability benefits under the stricter eligibility
rules. A direct implication of this result is that policies, which aim to restrict
early retirement through one pathway, should account for spillover effects. To
some extent the small employment effect may be the result of adverse labor mar-
ket conditions for older workers. How to promote labor demand for older workers

93
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is therefore a main priority for future research.
Chapter 4 sheds new light on the “annuity puzzle” by estimating the causal

impact of the annuity price on the annuitization decision at retirement. The
exogenous variation in the annuity price comes from a recent policy change in
Switzerland, which reduced the rate at which retirement capital is translated
into a life-long annuity by 20 percent. After correcting for anticipation effects,
the results suggest an 8 percentage point increase in the fraction of individuals
choosing a lump sum after the policy change became effective. However, the
price is only one of many determinants influencing the annuitization decision and
more empirical evidence in this respect is clearly warranted. Brown et al. (2008)
provide evidence that in a laboratory environment framing effects can distort the
decision to annuitize retirement savings. Verifying whether this finding prevails
in the “field” is a fruitful project for future research.
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Table A.1: Time-Use Categories

Time use category Examples of activities included

Core market work Paid work in main and side jobs, including overtime and time spent

working at home

Work-related activities Commuting to and from work, meal and other breaks at work, job

seeking activities

Total market work Core market work plus work-related activities

Cooking Food preparation, food preservation, kitchen cleanup

Housework Washing and ironing clothes, dusting, vacuum cleaning, tidying,

outdoor cleaning

Core nonmarket work Cooking plus housework

Child Care Care of babies, reading to, or playing with children, helping with

homework, supervising children

Shopping Everyday shopping, shopping for durable goods, going to bank or

post office, going to other service providers (excl. personal services

such as medical care, hairdresser, etc.), travel from/to shopping

Gardening Gardening

Odd Jobs All other home production like repair and maintenance work, do-it-

yourself work, home paperwork, pet care, unpaid work/help/care for

others (excl. volunteering)

Total nonmarket work Core nonmarket work plus child care, shopping, gardening, odd jobs

Sleeping Main sleep, short naps, relaxing, sunbathing, sex

Eating, personal care Eating at home, personal hygiene and self-care, dressing

TV Watching broadcast TV and video tapes/DVDs

Reading, listening Reading papers, magazines, and books, listening to radio, listening

records

Hobbies Traveling for leisure, excursions and trips, playing sports, watching

sporting events, handcraft, artistic and music activities, playing

games, writing

Socializing Going to the movies/theater/concert, eating out at restaurants, going

to a pub, going to parties, visiting and meeting friends, telephoning

Leisure, measure I (residual) Available time (168 h per week) minus total market and total

nonmarket work

Leisure, measure II Sleeping, personal care, watching TV, reading, pursuing hobbies,

socializing, gardening

= Leisure I minus time spent in education, receiving personal

services (medical, dental, paramedical care, hairdresser), religious/

political/community/voluntary activities; plus gardening
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Table A.2: Average Hours per Week Spent in Different Nonmarket Activities
USA Canada UK Netherlands Norway

Panel 1: Full Sample
Total Nonmarket Work
first obs. 25.74 25.83 22.66 28.68 29.95
last obs. 26.29 26.31 26.46 26.90 25.59
change 0.55 0.47 3.80 -1.78 -4.36
Cooking, Washing Up
first obs. 6.37 7.49 7.42 8.32 9.96
last obs. 3.76 5.70 6.25 6.56 5.81
change -2.61 -1.79 -1.18 -1.76 -4.16
Housework
first obs. 6.06 6.08 5.85 6.65 8.13
last obs. 4.57 5.49 5.92 5.28 6.28
change -1.49 -0.59 0.07 -1.38 -1.85
Shopping
first obs. 7.13 6.20 4.16 5.46 4.11
last obs. 8.38 6.13 6.20 6.04 5.95
change 1.25 -0.07 2.04 0.58 1.83
Gardening
first obs. 0.28 0.43 0.91 0.72 1.59
last obs. 1.14 1.11 0.91 0.49 0.78
change 0.87 0.67 0.00 -0.22 -0.80
Odd Jobs
first obs. 3.28 2.33 2.53 4.21 2.80
last obs. 4.08 3.04 3.38 3.42 2.13
change 0.80 0.71 0.85 -0.79 -0.68
Child Care
first obs. 2.63 3.30 1.80 3.33 3.36
last obs. 4.37 4.84 3.81 5.11 4.65
change 1.74 1.54 2.01 1.78 1.29
Panel 2: Men
Total Nonmarket Work
first obs. 13.55 14.02 9.84 13.48 16.01
last obs. 19.76 18.15 18.37 15.60 19.61
change 6.21 4.13 8.52 2.12 3.59
Cooking, Washing Up
first obs. 1.16 2.06 1.27 2.41 2.68
last obs. 1.87 3.15 3.60 3.52 3.44
change 0.70 1.10 2.33 1.12 0.76
Housework
first obs. 1.40 1.53 0.65 1.35 1.64
last obs. 2.42 2.49 2.79 1.79 3.99
change 1.02 0.96 2.14 0.44 2.36
Shopping
first obs. 5.85 5.93 2.35 3.73 3.69
last obs. 7.18 4.89 4.83 3.78 5.54
change 1.33 -1.04 2.48 0.06 1.85
Gardening
first obs. 0.22 0.32 1.29 1.02 1.80
last obs. 1.49 1.20 1.22 0.63 0.86
change 1.28 0.88 -0.07 -0.38 -0.95
Odd Jobs
first obs. 3.80 3.05 3.62 3.34 4.83
last obs. 4.24 3.53 3.90 3.20 3.35
change 0.43 0.48 0.27 -0.14 -1.48
Child Care
first obs. 1.11 1.13 0.66 1.63 1.36
last obs. 2.57 2.88 2.04 2.66 2.42
change 1.45 1.75 1.38 1.03 1.06
Panel 3: Women
Total Nonmarket Work
first obs. 35.85 35.78 33.14 38.53 42.94
last obs. 31.71 33.17 33.07 34.23 31.17
change -4.14 -2.60 -0.06 -4.30 -11.77
Cooking, Washing Up
first obs. 10.68 12.07 12.45 12.15 16.74
last obs. 5.32 7.85 8.41 8.53 8.01
change -5.36 -4.23 -4.04 -3.62 -8.73
Housework
first obs. 9.93 9.91 10.10 10.09 14.17
last obs. 6.35 8.02 8.49 7.53 8.41
change -3.57 -1.90 -1.61 -2.55 -5.76
Shopping
first obs. 8.19 6.42 5.63 6.58 4.51
last obs. 9.37 7.17 7.31 7.51 6.33
change 1.19 0.75 1.68 0.93 1.82
Gardening
first obs. 0.33 0.53 0.60 0.52 1.39
last obs. 0.86 1.03 0.67 0.40 0.71
change 0.53 0.50 0.07 -0.12 -0.67
Odd Jobs
first obs. 2.85 1.72 1.64 4.77 0.91
last obs. 3.95 2.62 2.95 3.56 0.99
change 1.10 0.90 1.32 -1.21 0.07
Child Care
first obs. 3.88 5.12 2.73 4.43 5.22
last obs. 5.86 6.49 5.25 6.70 6.73
change 1.98 1.36 2.52 2.27 1.51

Notes: All means are adjusted for changes in the demographic structure, as described in Section 2.2. ‘First

obs.’ refers to the first survey available per country (period 1970-1975), ‘last obs.’ to the last survey (period

1998-2003). For the time-use category definitions, see Table A.1.
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Table A.3: Average Hours per Week Spent in Different Leisure Activities
USA Canada UK Netherlands Norway

Panel 1: Full Sample
Leisure II
first obs. 102.34 108.63 114.53 117.14 105.79
last obs. 103.44 104.93 108.10 110.30 107.52
change 1.10 -3.71 -6.42 -6.84 1.73
Sleeping
first obs. 57.94 57.22 62.85 59.79 58.41
last obs. 59.98 57.75 60.15 62.21 58.70
change 2.04 0.54 -2.71 2.43 0.28
TV
first obs. 14.35 11.15 14.48 9.67 6.75
last obs. 15.24 12.90 15.25 11.57 12.37
change 0.89 1.75 0.77 1.91 5.62
Reading
first obs. 3.91 4.01 2.92 7.59 5.02
last obs. 2.14 2.56 2.96 3.45 4.25
change -1.78 -1.45 0.04 -4.14 -0.77
Hobbies
first obs. 5.71 8.90 7.22 10.71 7.50
last obs. 6.70 9.59 8.41 8.34 7.56
change 0.98 0.69 1.19 -2.37 0.06
Socializing
first obs. 8.06 10.78 10.94 14.75 13.26
last obs. 8.03 11.44 8.97 11.10 13.08
change -0.03 0.66 -1.96 -3.66 -0.18
Eating & pers. care
first obs. 12.35 16.59 16.11 14.63 14.85
last obs. 11.35 10.69 12.36 13.63 11.56
change -1.00 -5.89 -3.75 -1.00 -3.29
Panel 2: Men
Leisure II
first obs. 100.59 107.55 112.76 116.09 105.66
last obs. 103.18 104.42 108.42 107.11 106.23
change 2.59 -3.13 -4.34 -8.98 0.57
Sleeping
first obs. 56.62 55.67 61.23 58.49 57.59
last obs. 58.65 56.50 58.88 61.32 58.18
change 2.03 0.83 -2.35 2.83 0.59
TV
first obs. 14.92 12.25 15.36 10.54 7.71
last obs. 16.66 14.24 17.05 12.38 13.92
change 1.74 1.99 1.69 1.84 6.21
Reading
first obs. 4.15 4.49 3.51 8.42 5.84
last obs. 2.01 2.40 3.20 3.26 3.90
change -2.14 -2.08 -0.31 -5.16 -1.94
Hobbies
first obs. 5.11 8.46 7.30 10.59 8.01
last obs. 7.80 10.29 9.35 7.88 7.87
change 2.69 1.83 2.05 -2.71 -0.14
Socializing
first obs. 7.85 11.10 10.19 14.39 12.31
last obs. 7.29 10.95 8.48 10.11 11.53
change -0.56 -0.15 -1.70 -4.27 -0.78
Eating & pers. care
first obs. 11.94 15.58 15.17 13.67 14.21
last obs. 10.77 10.04 11.46 12.15 10.84
change -1.17 -5.54 -3.71 -1.51 -3.37
Panel 3: Women
Leisure II
first obs. 103.78 109.55 115.97 117.82 105.92
last obs. 103.65 105.35 107.84 112.38 108.72
change -0.13 -4.19 -8.13 -5.45 2.81
Sleeping
first obs. 59.03 58.52 64.18 60.63 59.18
last obs. 61.09 58.81 61.18 62.79 59.19
change 2.06 0.29 -3.00 2.16 0.00
TV
first obs. 13.88 10.22 13.77 9.10 5.85
last obs. 14.07 11.77 13.79 11.05 10.93
change 0.19 1.55 0.02 1.95 5.08
Reading
first obs. 3.72 3.60 2.44 7.05 4.26
last obs. 2.24 2.69 2.76 3.56 4.58
change -1.48 -0.91 0.32 -3.49 0.32
Hobbies
first obs. 6.21 9.27 7.15 10.79 7.03
last obs. 5.78 9.00 7.64 8.64 7.27
change -0.43 -0.27 0.48 -2.15 0.24
Socializing
first obs. 8.24 10.50 11.55 14.99 14.15
last obs. 8.64 11.85 9.37 11.74 14.52
change 0.40 1.35 -2.18 -3.26 0.38
Eating & pers. care
first obs. 12.69 17.43 16.88 15.25 15.44
last obs. 11.82 11.24 13.11 14.59 12.24
change -0.87 -6.19 -3.77 -0.66 -3.21

Notes: All means are adjusted for changes in the demographic structure, as described in Section 2.2. ‘First

obs.’ refers to the first survey available per country (period 1970-1975), ‘last obs.’ to the last survey (period

1998-2003). For the time-use category definitions, see Table A.1.
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Table A.5: Time Allocation by Educational Attainment for Men and Women
USA Canada UK Netherlands

I II III I II III I II III I II III
Panel 1: Men
Leisure II
first obs. 104.71 99.76 97.52 106.36 113.56 107.31 112.54 113.13 114.24 117.03 113.80 114.34
last obs. 113.00 105.64 100.43 108.95 104.07 102.93 110.97 108.42 105.92 108.11 103.73 107.84
change 8.28 5.88 2.90 2.59 -9.49 -4.37 -1.56 -4.71 -8.31 -8.93 -10.07 -6.50
Sleeping
first obs. 58.46 56.36 55.28 55.30 57.51 55.28 61.37 61.47 60.61 58.37 58.52 59.90
last obs. 63.89 59.73 57.26 57.74 57.55 55.64 60.27 59.23 56.78 59.80 57.95 64.25
change 5.44 3.37 1.98 2.43 0.03 0.36 -1.10 -2.24 -3.83 1.42 -0.58 4.35
TV
first obs. 18.57 15.24 12.08 12.71 11.69 11.54 16.83 13.19 12.57 11.37 10.07 7.60
last obs. 22.17 18.64 14.91 17.85 14.99 12.72 19.32 17.36 14.14 15.83 12.58 9.18
change 3.61 3.40 2.83 5.15 3.29 1.18 2.48 4.17 1.57 4.46 2.51 1.58
Reading
first obs. 2.98 4.64 4.48 3.35 5.60 5.50 3.15 4.52 4.30 8.37 8.19 8.55
last obs. 1.22 1.36 2.42 1.94 1.81 2.82 2.77 3.20 3.78 2.78 2.80 3.93
change -1.76 -3.28 -2.05 -1.42 -3.79 -2.68 -0.38 -1.32 -0.52 -5.59 -5.39 -4.62
Hobbies
first obs. 4.38 4.60 5.71 8.32 7.78 9.00 6.13 8.32 11.10 10.72 8.77 11.37
last obs. 8.31 7.98 7.67 9.84 9.17 10.79 8.85 9.19 10.25 7.50 8.03 8.17
change 3.93 3.38 1.96 1.52 1.38 1.79 2.72 0.87 -0.85 -3.22 -0.74 -3.20
Socializing
first obs. 8.94 6.91 7.86 10.86 14.86 10.90 10.06 10.16 10.04 14.32 14.50 14.13
last obs. 6.95 7.20 7.33 11.62 10.70 10.87 8.14 7.95 9.62 8.90 9.96 10.56
change -2.00 0.29 -0.53 0.76 -4.16 -0.03 -1.93 -2.21 -0.42 -5.42 -4.55 -3.57
Eating &
pers. care
first obs. 11.39 12.01 12.12 15.82 16.12 15.09 15.00 15.48 15.61 13.88 13.74 12.79
last obs. 10.45 10.73 10.83 9.96 9.86 10.09 11.63 11.50 11.35 13.30 12.42 11.75
change -0.93 -1.29 -1.29 -5.85 -6.26 -5.00 -3.37 -3.98 -4.27 -0.58 -1.33 -1.04

Total
market
work
first obs. 48.73 50.58 53.11 46.33 35.17 43.27 46.69 45.21 41.78 34.81 36.42 38.36
last obs. 35.96 41.94 44.03 42.17 46.22 45.02 37.39 40.29 41.44 38.25 47.52 42.07
change -12.77 -8.64 -9.08 -4.16 11.05 1.75 -9.29 -4.92 -0.33 3.44 11.10 3.71

Total
nonmarket
work
first obs. 11.77 15.01 14.23 13.76 15.78 13.94 9.11 10.64 11.08 13.77 14.99 11.22
last obs. 17.35 19.20 20.39 16.90 16.91 18.83 18.66 18.45 18.17 20.36 15.01 15.40
change 5.58 4.18 6.15 3.15 1.13 4.89 9.55 7.81 7.09 6.59 0.02 4.18
Panel 1: Women
Leisure II
first obs. 110.89 103.63 98.52 110.56 108.50 109.08 116.77 113.65 117.42 118.58 115.47 115.50
last obs. 112.42 106.08 101.42 110.92 105.49 103.92 110.53 106.91 104.36 114.29 110.98 111.30
change 1.53 2.45 2.90 0.36 -3.01 -5.16 -6.24 -6.74 -13.06 -4.29 -4.49 -4.21
Sleeping
first obs. 61.02 58.44 57.07 58.77 57.68 58.46 63.92 63.87 67.65 61.06 58.61 59.07
last obs. 67.44 62.37 59.67 61.91 59.25 58.04 62.78 60.90 59.24 63.77 62.31 61.47
change 6.41 3.93 2.59 3.14 1.58 -0.42 -1.14 -2.97 -8.42 2.71 3.70 2.40
TV
first obs. 16.51 14.36 10.09 12.31 8.09 8.44 15.88 11.43 8.81 9.89 5.73 6.00
last obs. 19.28 16.53 12.25 14.37 12.57 10.78 16.73 13.72 10.52 13.31 9.96 9.28
change 2.77 2.17 2.16 2.07 4.48 2.34 0.85 2.30 1.71 3.42 4.22 3.29
Reading
first obs. 3.38 3.63 4.47 3.22 3.66 4.23 2.33 2.49 3.22 7.06 6.97 7.00
last obs. 1.54 1.65 2.64 1.95 2.60 3.02 2.31 2.72 3.50 3.10 3.42 4.69
change -1.83 -1.97 -1.84 -1.27 -1.06 -1.21 -0.01 0.23 0.27 -3.97 -3.55 -2.31
Hobbies
first obs. 7.32 5.34 6.83 8.85 10.37 9.55 5.93 8.08 10.64 10.51 10.83 13.51
last obs. 4.49 5.48 6.09 9.32 8.38 9.11 6.54 7.41 8.43 8.66 9.04 8.54
change -2.83 0.13 -0.74 0.47 -1.99 -0.44 0.61 -0.66 -2.22 -1.85 -1.79 -4.97
Socializing
first obs. 10.80 8.76 7.05 9.99 10.65 11.80 11.99 10.81 9.95 14.89 17.31 14.07
last obs. 8.14 8.53 8.75 12.09 11.35 11.78 8.36 9.31 10.07 11.92 11.66 11.61
change -2.67 -0.23 1.70 2.10 0.70 -0.03 -3.63 -1.49 0.12 -2.96 -5.65 -2.47
Eating &
pers. care
first obs. 11.86 13.10 13.00 17.42 18.05 16.59 16.73 16.97 17.14 15.17 16.01 15.86
last obs. 11.54 11.52 12.03 11.28 11.34 11.18 13.80 12.83 12.61 13.53 14.59 15.71
change -0.32 -1.58 -0.97 -6.15 -6.72 -5.41 -2.93 -4.14 -4.53 -1.64 -1.42 -0.15

Total
market
work
first obs. 18.43 25.92 28.79 17.82 23.44 22.27 17.46 20.54 15.62 6.45 13.23 13.66
last obs. 20.09 26.94 31.10 22.95 27.62 29.14 21.03 25.51 29.06 14.02 20.40 21.39
change 1.66 1.02 2.31 5.12 4.18 6.87 3.57 4.97 13.44 7.57 7.16 7.73

Total
nonmarket
work
first obs. 36.76 35.19 35.84 37.94 33.77 32.77 32.94 33.00 34.81 39.70 34.62 36.03
last obs. 32.58 31.66 31.63 33.16 33.94 32.55 34.80 33.81 30.93 37.65 33.67 31.34
change -4.18 -3.53 -4.20 -4.78 0.16 -0.23 1.86 0.81 -3.88 -2.04 -0.96 -4.69

Notes: This table reports the hours per week spent in different leisure activities, total market work and total

nonmarket work for men and women according to levels of education (uncompleted secondary or less (I), complete

secondary (II), and above secondary education(III)). All means are adjusted for changes in the demographic

structure, as described in Section 2.2. ‘First obs.’ refers to the first survey available per country (period

1970-1975), ‘last obs.’ to the last survey (period 1998-2003). For time-use category definitions, see Table A.1.
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Table A.6: Time Allocation by Educational Attainment for Employed Individuals

USA Canada UK Netherlands

I II III I II III I II III I II III

Leisure II

first obs. 105.36 101.25 97.85 103.63 107.29 102.63 114.57 113.18 115.80 116.83 114.46 113.87

last obs. 110.99 105.06 100.38 109.16 103.93 102.64 110.03 106.82 104.25 111.02 107.58 109.70

change 5.63 3.80 2.53 5.52 -3.36 0.02 -4.54 -6.36 -11.54 -5.81 -6.88 -4.17

Sleeping

first obs. 59.40 57.50 56.15 56.65 57.23 54.67 62.76 62.78 64.58 59.79 58.89 58.30

last obs. 65.44 60.93 58.43 59.47 58.36 56.78 61.55 60.11 58.01 62.20 60.36 62.44

change 6.04 3.43 2.28 2.83 1.12 2.12 -1.21 -2.66 -6.57 2.41 1.47 4.14

TV

first obs. 17.53 14.48 10.98 11.07 8.46 9.10 16.12 12.14 10.42 10.24 7.79 6.71

last obs. 19.94 17.17 13.22 16.07 13.18 11.44 17.45 15.07 11.92 13.89 10.93 9.20

change 2.41 2.69 2.24 4.99 4.72 2.34 1.32 2.94 1.49 3.65 3.15 2.49

Reading

first obs. 2.77 3.91 4.47 3.12 4.17 5.04 2.67 3.33 3.65 7.30 7.07 7.51

last obs. 1.41 1.53 2.51 1.76 2.19 2.86 2.48 2.85 3.47 2.94 3.08 4.35

change -1.36 -2.38 -1.96 -1.35 -1.98 -2.18 -0.19 -0.48 -0.17 -4.36 -3.99 -3.16

Hobbies

first obs. 5.35 4.95 6.22 7.62 8.64 7.89 5.97 8.16 10.72 10.45 9.88 12.48

last obs. 5.88 6.41 6.69 9.25 8.65 9.82 7.59 7.96 9.08 8.13 8.53 8.31

change 0.53 1.46 0.47 1.63 0.01 1.93 1.62 -0.20 -1.64 -2.32 -1.35 -4.17

Socializing

first obs. 8.42 7.80 7.35 9.23 12.27 10.71 11.12 10.44 9.96 14.42 15.61 14.31

last obs. 7.19 7.82 8.03 12.00 10.91 11.13 8.14 8.63 9.69 10.57 10.90 11.18

change -1.24 0.02 0.69 2.76 -1.36 0.42 -2.97 -1.81 -0.27 -3.85 -4.71 -3.13

Eating &

pers. care

first obs. 11.88 12.62 12.67 15.94 16.51 15.23 15.93 16.33 16.47 14.62 15.23 14.56

last obs. 11.12 11.20 11.49 10.61 10.64 10.61 12.81 12.19 12.08 13.27 13.78 14.22

change -0.76 -1.41 -1.18 -5.34 -5.88 -4.62 -3.11 -4.14 -4.39 -1.35 -1.45 -0.34

Total

market

work

first obs. 34.86 38.04 40.27 42.14 37.90 42.03 30.67 31.67 27.15 18.22 22.53 24.07

last obs. 29.39 34.93 38.06 32.86 37.54 37.60 29.27 32.97 35.70 23.87 31.38 29.32

change -5.47 -3.12 -2.21 -9.29 -0.36 -4.43 -1.40 1.30 8.55 5.65 8.85 5.25

Total

nonmarket

work

first obs. 25.39 25.72 26.07 20.50 20.55 19.39 22.44 23.12 24.55 29.92 26.96 26.75

last obs. 25.04 25.64 26.06 25.46 25.67 25.89 27.47 26.84 25.03 31.29 26.59 25.50

change -0.35 -0.08 -0.00 4.96 5.12 6.51 5.03 3.72 0.47 1.37 -0.37 -1.25

Notes: This table reports the hours per week spent in different leisure activities, total market work and total

nonmarket work for employed individuals according to levels of education (uncompleted secondary or less (I),

complete secondary (II), and above secondary education(III)). All means are adjusted for changes in the demo-

graphic structure, as described in Section 2.2. ‘First obs.’ refers to the first survey available per country (period

1970-1975), ‘last obs.’ to the last survey (period 1998-2003). For the definitions of the time-use categories, see

Table A.1.
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Appendix B

Appendix Chapter 4

B.1 Annuity Equivalent Wealth

We use the methodology of Brown and Poterba (2000) to calculate the AEW,
but adapt it to the Swiss pension system. The AEW approach calculates the
additional wealth an individual would need to be equally well off without actu-
arially fair annuities in comparison to with actuarially fair annuities. According
to Brown (2001), four main factors are essential to compute the AEW: risk aver-
sion, fraction of pre-annuitized total wealth, mortality risk, and marital status.
Unfortunately, we have no information on the marital status of the individuals in
our data set. In the calculation we are assuming that all individuals are married.
This is a reasonable assumption given that in 2003 76 percent of all Swiss men in
the age group 40-64 were married. Moreover, there is no reason to believe that
the composition of our sample with respect to the marital status should differ
systematically in 2003 and in 2004, suggesting that the error in the calculation
of the AEW is similar in both years.

In Brown and Poterba (2000), the couple choose total consumption, Cc
t , op-

timally to maximize an additively separable lifetime utility function. The total
consumption of the couple consists of a weighted combination (with parameter
δ) of the husband’s consumption (superscript m) and that of the wife’s (f). The
utility function exhibits constant relative risk aversion and is a weighted com-
bination (with parameter ψ) of the utility function of the husband, um(·), and
that of the wife’s, uf (·). We compute the AEW with three different coefficients
of relative risk aversion equal to 0, 2 and 4. Since the insurance component of
annuities against the risk of longevity is more pronounced the more risk-averse
individuals are, the AEW is increasing in the coefficient of relative risk aversion.

Formally, the Bellman equation (only shown for the state in which both mem-
bers of the couple are still alive) can be stated as:
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max
Cm

t ,C
f
t

V c
t (Wt) = max

Cm
t ,C

f
t

um(Cm
t + δCf

t ) + ψuf (Cf
t + δCm

t ) + (B.1)

+
1

1 + ρ
Pr[m alive, f dead](t+ 1)V m

t+1(Wt+1) + (B.2)

+
1

1 + ρ
Pr[m dead, f alive](t+ 1)V f

t+1(Wt+1) + (B.3)

+
1

1 + ρ
Pr[m alive, f alive](t+ 1)V c

t+1(Wt+1) (B.4)

subject to the following constraints:

i) W0 given

ii) Wt ≥ 0, ∀ t (B.5)

iii) Wt+1 = (Wt − Cc
t + St +Bt)(1 + r),

where V m
t+1 and V f

t+1 represent the value functions for the states in which the
male or the female, respectively, is the surviving spouse. Here, Pr[·](t+1) are the
conditional transition probabilities to the different states from period t to period
(t + 1). As we do not have any information on non-pension wealth, we assume
that the initial wealth, W0, is equivalent to the accumulated second pillar pension
wealth in the mandatory and super-mandatory parts K = Kmand +Ksup. St de-
notes first pillar benefits, which are paid out from the time of retirement, adjusted
in an actuarially fair manner in the case of early retirement. Bt represents the
sum of occupational benefits if any from the mandatory (Bt,mand = γmandKmand)
and super-mandatory part (Bt,sup = γsupKsup). We use a constant annual interest
rate of 3 percent and a rate of time preference of ρ = 0.03.

To compute the AEW we compare two scenarios: In the full annuitization case
the couple’s eligible person annuitizes the entire pension wealth K and reaches a
maximum utility of V ∗. The initial capital W0 is equal to zero. In exchange for
K, (s)he gets a lifelong nominal annuity, Bt = Bt,mand + Bt,sup. If the couple’s
main Claimant should die, the surviving spouse gets a reduced lifelong annuity,
Bt = λ(Bt,mand + Bt,sup) with λ = 0.6. In the full lump sum scenario, the entire
capital stock is cashed out, leaving the couple without any additional benefit from
the second pillar, i.e., Bt = 0. The initial capital is equal to the entire pension
capital, W0 = K. The corresponding utility is V . We then calculate the amount
of additional wealth ∆W the individual must receive in the full lump sum case
to reach the same utility level V ∗ as in the full annuitization scenario.1

1As a robustness check we recalculate the AEW assuming that in the full lump sum scenario

individuals take a lump sum in the super-mandatory part only and choose an annuity for the

mandatory part.
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V (K +∆W |Bt = 0, ∀t) = V ∗

The resulting AEW is then

AEW =
K +∆W

K

B.2 Imputation of Super-mandatory capital

One difficulty in computing the AEW is given by the fact that we do not observe
the mandatory and super-mandatory part separately for individuals that retire
before 2004. We rely on mean imputation as well as regression-based imputation
to estimate the super-mandatory part for those individuals. In the mean imputa-
tion approach we split the accumulated capital stock of individuals retiring after
the policy change in bins of 20,000 SFR. For each bin we compute the mandatory
and super-mandatory capital as a fraction of the total capital stock. These esti-
mated shares can then be used to divide the total accumulated capital stock of
men retiring before the policy change into the mandatory and super-mandatory
part. In the regression-based imputation we regress the super-mandatory capital
on the retirement age, the total capital stock and the earnings in the year prior
to retirement. Since the accumulated capital stock is left-censored, we apply a
one-sided Tobit-model.
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