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Abstract

In many countries, the ratio of pension entitlement to earnings is declining
due to demographic developments. In 2017, the German government intro-
duced a pension reform which allows workers to accumulate more pension
capital through continued employment during retirement. I develop a partial
equilibrium overlapping generations model in which agents choose how much
to consume, save, and whether or not to retire. Agents are heterogeneous in
their education and dis-utility of labor, which may serve as a proxy for deteri-
orating health. I find that the reform is welfare enhancing for both types and
it creates large incentives for workers to remain employed longer. The model
predicts an increase in the effective average retirement age of 2.7 years, from
64.0 to 66.7.
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PENSION REFORM WITH EMPLOYMENT DURING RETIREMENT

1 Introduction

According to calculations from the German Ministry of Labor and Social Affairs,
the pension level — the ratio of net retirement benefits of an average retiree to the
yearly average earnings of a worker — will decrease from 48.0% today to 44.5% in
2030. If no further measures are taken and demographic trends remain the same,
it will continue to decrease to 41.7% by 2045. Also, estimates for the contribution
rate — the share of gross labor income employers and employees pay to the pension
insurance scheme — in 2045 are with 23.6% considerably above the goals originally
outlined by the government (DRV 2016). This development is not unique to Ger-
many. As a response, a common goal for governments around the world today is
to encourage older workers to continue to participate in the labor force. This thesis
will quantitatively evaluate the implications of the so-called flexible pension reform,
introduced by the German federal government in 2017, on the retirement decision
of older workers. Using a computational model allows us to simulate the behavioral

response of older workers without having access to data.

Many developed countries face an aging population, a trend that puts pressure on
the solvency and sustainability of systems for social security — especially the pension
insurance. Projections for a majority of industrialized countries indicate continued
low birth rates and further increased life expectancy. This will result in an older, but
in aggregate numbers unchanged, population. In the European Union, for instance,
the ratio of individuals in working-age to above 65 is expected to decrease from 4:1
to only roughly 2:1 by 2060 (Carone et al. 2016). The financial burden on pension
insurances is intensified since, despite an upward trend in longevity, the effective age
of retirement has not increased to the same extent. In fact, in the last decades of the
20* century, the effective retirement age has actually decreased since governments
implemented measures, such as early retirement, to reduce unemployment (Cremer

& Pestieau 2003).

The economic costs of a low labor market participation of older individuals are
substantial. In terms of lost output, significantly prolonged benefit payments, and a
lower tax base, Herbertsson & Orszag (2003) estimate the associated cost with early

retirement to amount up to 10% of GDP for some OECD countries. An additional
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concern is the effect this development has on inter-generational redistribution since

future generations of workers will eventually have to bear the costs.

Possible answers to the challenges governments face include raised tax rates, social
security debt, retirement ages, and decreases in pension benefits for retirees. How-
ever, international tax competition limits the government’s ability to reform the tax
system dramatically (Cremer & Pestieau 2003). A slowly growing but aging popu-
lation on the other hand increases the share of older voters in the society and hence
barriers for a government to introduce significant reductions of retirement benefits
as a cost-cutting measure. Maestas & Zissimopoulos (2010) argue that finding cost
effective ways to extend working lives is the most effective way to ease these current

demographic pressures.

Thus not surprisingly, governments in the U.S., continental Europe, and Scandinavia
have in recent years set out the policy objective to incentivize more labor force
participation among older individuals. A variety of reforms have been introduced,
from increases in both the early and statutory retirement ages to reductions in early
retirement incentives, i.e. changes in pension formulae to reduce the implicit tax on

continued activity.

Germany, which faces similar challenges as most OECD countries, increased the
statutory retirement age by two years through a 2007 pension reform. Building on
this reform, the German government reformed the pension system again in 2017.
This new system is intended to provide more flexibility for old-age workers. It aims
to incentivize them to continue working after they reach their full-retirement age
by allowing them to work and collect benefits at the same time while continuing
to accumulate pension capital. They are therefore expected to continue working
also after they start to collect pension benefits since now, under the new law, they
are able to increase their pension capital and thus the net present value of lifetime
income considerably when they simultaneously work and collect. The impact on
lifetime income results from the fact that a few more months of work increase re-
tirement payments for the rest of the individual’s life. Since individuals typically
earn the highest wages during later parts of their career, the impact on the pension

contribution, and thus on the subsequent retirement payment, is relatively large.
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I am interested in the effect of the implemented reform. To this end, I develop a
partial equilibrium, discrete time, overlapping generations model in which finitely
lived individuals choose how much to consume, save, and whether or not to retire, to
study implications on retirement decision of old workers. Individuals in the model
are heterogeneous in education and, thus, income profiles as well as in their dis-utility
of labor — which is increasing in age and serves as a proxy for e.g. deteriorating

health.

Simulating such a model allows me to evaluate quantitative impacts of the flexible
pension law on the timing of retirement, without having access to data from the post-
reform economy in Germany. Since many policy measures in general need a very
long time to materialize in the data, long time series are necessary to study policy
measures empirically. Employing theoretical models instead has the advantage that

these models are able to predict results much sooner.

My results indicate that the reform is welfare enhancing for individuals. It cre-
ates large incentives for workers to remain employed longer. The model predicts
an increase in the effective average retirement age of 2.7 years, from 64.0 to 66.7.
Following the reform, individuals choose to stay employed for longer because this

yields a higher net present value of lifetime income than before the reform.

Beginning with a brief background on pension systems and reforms, the German
retirement law and the 2017 reform are introduced. Later, after describing and
calibrating the model, I proceed with the policy analysis. The remainder of the
thesis is then characterized by an attempt to critically evaluate the impact of the

reform and to discuss the robustness of the model.

2 The Public Pension System

In this section I conceptually highlight the challenges demographic developments
pose on pension systems and describe the German retirement law as well as the

2017 flexible pension reform in more detail.

Pension systems differ across countries in their set-up, but most pension systems
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in today’s economies can be categorized into either fully funded or PAYG systems.
In a fully funded state pension system, the government taxes the young generation
and invests their contribution in order to repay the capital as pension when this
generation is old (Wickens 2012). In a PAYG system, pension benefits of the re-
tired generation are paid for out of taxation of the current young generation and
not the savings of the old generation. To compare the two, Wickens (2012) demon-
strates with simple calculations in an overlapping generations (OLG) Model that
the consumption possibilities and welfare of both current and future old generations
depend on the relationship between population growth rate and the real interest rate
at which individuals save.! In a fully funded system, obviously everyone benefits
from an higher market interest rate. In a PAYG system on the other hand, both

generations benefit, ceteris paribus, from a higher population growth rate.

The intuition behind this result is simple. If the population growth rate is large
enough, the return on the “investment” into the system, i.e. paying taxes today and
receiving benefits later, is larger than the investment on the capital markets. With
a growing population, a new, larger generation of workers will finance the pension
benefits once one is old. However, low population growth on the other hand causes
concern because it implies a growing tax burden for the young generation, given
a specific pension level. Wickens (2012) concludes that a PAYG pension scheme
is likely to reduce welfare in an economy with slow population growth and, thus,

unfunded systems are only feasible for fast-growing populations.

In light of this fundamental challenge, many structural reforms for social security
systems are discussed, not only in academia but also in the general public. Feldstein
(1997), for instance, proposes a shift from PAYG to a mixed system where a personal
investment-based account would complement the pension plan. There, each worker
would contribute to both the PAYG and an investment-based personal retirement
account which would be invested in diversified equity and bond mutual funds.? With

this approach, he argues, a government could reduce the distortionary effect that a

IFor simplicity, this calculation implicitly assumes stagnant real wages per worker. In fact, the
implied return of a PAYG system is the growth rate of aggregate wages, which are a function of
the growth rates of both the population and the real wages per worker (Samuelson 1958)

2For a discussion on the feasibility of a transition from a pure PAYG to a mixed system, see
Feldstein & Samwick (1998).
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purely tax-financed system has on the labor market while at the same time increase
the expected welfare from consumption for households.? In essence, relatively higher

returns to capital investments would compensate for a less generous social security.

Critics of such a reform put forward administrative costs, which would absorb much
of the excess return, and the increase in risk inherent in an investment-based ap-
proach. Feldstein (2005) argues that a government managed fund, which collects
the contribution directly from employers, could achieve substantial cost savings. He
refers to Sweden, which introduced a mixed system with only small administrative
costs, as a prime example. In Germany, for instance, the cost efficiency of this
second, private, pillar was in the center of the debate after its introduction (see Sec-
tion 2.1). Concerning the increase in risk, Feldstein notes that not only is the PAYG
system (due to demographics and political decision-making) inherently uncertain,
but also could the investment-based system — with its fundamentally different, but
manageable, market risks — act as a diversification in the individual’s pension port-
folio, thereby improving protection relative to a PAYG system. Indeed, Matsen &
Thegersen (2004) find that such a mixed system allows individuals to hedge risks

and is thus beneficial if individuals face imperfect access to the capital market.

Another alternative is the so-called notional defined contribution (NDC) system
which also involve individual pension accounts that depend on the contributions
of the households. However, individuals receive a notional rate of return on their
contributions, which is set by the government (Carone et al. 2016). This interest
rate often corresponds to the growth rate of aggregate wages, thus responding to
both changes in employment and population growth (Berkel & Bérsch-Supan 2004).
As such, the rate of return would therefore equal the implied return from a PAYG
system (Samuelson 1958), and indeed, Carone et al. (2016) note that the system
would remain PAYG financed as there are no real assets accumulated. However, the
pension benefit payed during retirement would depend not only on the notional rate
of return, but also on the remaining life expectancy (Berkel & Borsch-Supan 2004).

Hence, the system would adjust to changes in demographic factors.

3For an in-depth welfare analysis, see Feldstein (1987).



PENSION REFORM WITH EMPLOYMENT DURING RETIREMENT

2.1 Description of the German Retirement Law

The German pension system is a pre-payed, pay-as-you-go system where the current
working population pays with their contribution for the current old who receive
pension benefits. Before 1957, Germany had a fully funded pension system, but
after about half of the capital stock was lost due to a hyperinflation and the Second
World War, it was transformed (Borsch-Supan et al. 2015). The German public
pension is intended to extend the standard of living individuals achieved during
their work lives. Thus, benefits are proportional to the average of the labor income
they received during their entire work life and relative to the average earnings in the
economy (Fehr & Uhde 2012). Following a relatively stable phase without additional
changes after the transformation, the system underwent a major reform in 1972
which introduced a more flexible rule for workers which contributed at least 35 years
to the system, allowing them to receive old-age benefits at age 63 (Borsch-Supan

et al. 2015).

Acknowledging the challenges resulting from the demographic changes within the
society and several budget crises, in the early 1990’s the government introduced
substantial cuts to the, up until that point, very generous system. Major reforms
took place in the following two decades and Germans have been urged to postpone
their retirement and adjust their saving behaviour (Coppola & Wilke 2014). The
first adjustment in 1992 introduced incentives for older individuals to work longer
by reducing pension benefits by 0.3% for every month they are collected prior to
reaching the full-retirement age. According to Borsch-Supan et al. (2015), this has
indeed increased labor force participation, almost symmetrically to the decline after
the 1972 reform. Using data from the German Socio-Economic Panel, Borsch-Supan
(1992) predicts an increase of the average retirement age by half a year from 58.5

to 59 resulting from the introduction of the 3.6% p.a. adjustments factor.

Almost ten years later, in 2001, a second substantial reform took place. The so-
called Riester reform (named after Walter Riester, the Federal Minister of Labor
and Social Affairs at the time) transformed the pay-as-you-go retirement insurance
into a multi-pillar system by introducing a second pillar of subsidized, voluntary,

and supplementary funded private pensions, commonly referred to as the Riester
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pension. After its introduction, however, the spread of Riester pensions initially
progressed slowly. The most common criticisms were (and still are) the lack of
widespread distribution, high selling and administrative costs, the calculation of the
annuity payments on the basis of (too) high assumptions of life expectancy and lack
of market transparency. However, since 2001 the share of households without any
supplementary pension has fallen from over 73% at the beginning of the millennium
to around 39% today. Currently 16.5 million Riester contracts are completed and

44% of eligible households have at least one (Borsch-Supan et al. 2016).

In order to contain the financial burden on households, the Riester law also states
that contribution from workers and employers to the public scheme must stay below
22% of the labor income until the year 2030 and the ratio of net pension entitlement
to pre-retirement earnings above 67%. To ensure that the set targets would be
met, the Commission for Sustainability in Financing the German Social Insurance
Systems proposed a new formula for the pension value (Kommission 2003). The
pension value is an important factor (set by the government) in the calculation of
the pension payment of an individual. This formula now contains a sustainability
factor® which links benefits to the ratio of individuals not in the labor force and

those who are currently working.

The commission furthermore proposed a gradual increase gradual increase of both
the normal and early retirement age by two years, proportional to the expected
changes in life expectancy, between 2011 and 2035 (Kommission 2003). The pro-
posed reform was later implemented in 2007. Carone et al. (2016) argue that through
the reforms in 1992 and the early 2000’s (introduction of contribution and sustain-
ability factors), the public pension system has come close to a Notional Defined

Contributions (NDC) system.

4The sustainability factor takes into account the evolution of the ratio of pensioners to contrib-
utors in the adjustment of pensions. As the number of retirees increases, the sustainability factor
will decrease and the pension adjustment will be lower. If the number of contributors increases,
the sustainability factor increases the adjustment. In this way, both the effects of an extended
life expectancy, the development of births, and employment on the financing of statutory old-age
pension insurance are transferred to pensioners. Source: Federal Ministry of Labour and Social
Affairs.


http://www.bmas.de/DE/Themen/Rente/Rentenlexikon/Functions/glossar.html?cms_lv2=75280
http://www.bmas.de/DE/Themen/Rente/Rentenlexikon/Functions/glossar.html?cms_lv2=75280
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2.2 The German Pension System Today

Currently, the monthly pension payments a retiree receives are calculated in the

following way:®

pension payment = pen. points X entry factor X pen. value X pen. type. (1)

The pension points are determined by the relation between the individual’s earnings
and the average earnings of all insured people during a particular year. If the
individual earnings equal the average earnings, the individual receives 1.0 pension
point. An individual cannot receive more than 2.14 pension points a year, as there
is a contribution ceiling, i.e. income over EUR 76,200 per year will not be counted
toward the calculation of the pension points. The entry factor takes into account the
time when an individual retires. If a worker chooses to claim benefits at exactly the
statutory retirement age, this factor equals 1.0. If, however, the individual chooses
early retirement, the entry factor will adjust by 0.003 downward for every month
before the statutory retirement age the individual starts claiming, thereby lowering
the monthly benefits by 3.6% p.a. On the contrary, if the individual chooses to
retire after the full-retirement age, the entry factor will increase by 0.005 for every
month in which the benefits are not claimed which is equivalent to an increase in
the retirement payment of 6% p.a. The pension value is the monetary value of one
pension point. This value is determined by the so-called pension adjustment formula
which includes both the sustainability factor and a wage component that ties the
pension value to the general development of wages in the economy. Currently, the
pension value is EUR 31.03 per month. Lastly, the pension type factor is 1.0 for the

regular old-age pension.

5The information in the following paragraph is obtained from the German version of the website
of the German Statutory Pension Insurance Scheme.


https://www.deutsche-rentenversicherung.de/Allgemein/en/Inhalt/03_leistungen/01_rente/altersrenten.html
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Table 1 shows the development of the average income, the contribution assessment

ceiling, pension value, and the contribution rate in Germany during the last 60 years.

Table 1: Time series assessment bases pension payment

Year Avg. Inc.” Contrib. Ceil.?) Val. Pension Pts.) Contrib. rate®

(EUR) (EUR) (EUR) (%)
1960 3119 5215 3.24 14.00
1970 6822 11044 6.60 17.00
1980 15075 25769 14.00 18.00
1990 21446 38654 20.24 18.70
2000 27740 52765 24.84 19.30
2010 31144 66000 27.20 19.90
2011 32100 66000 27.47 19.90
2012 33002 67200 28.07 19.60
2013 33659 69600 28.14 18.90
2014 34514 71400 28.61 18.90
2015 35363 72600 29.21 18.70
2016 36267 74400 30.45 18.70
2017 37103 76200 31.03 18.70

a) Source: German Statutory Pension Insurance Scheme

b) Source: Federal Ministry of Justice and Consumer Protection

The contributions to the retirement insurance which finance the old-age pension
benefits are paid by both employees and employers. They currently add up to 18.7%
of the gross wage and are split equally. The contributions are paid by workers in
regular employment, i.e. self employed and so called mini-jobs (with a monthly wage

below EUR 450) are exempted.

Pensions are taxed at the progressive personal income tax. In pension taxation,
the tax-exempt amount plays an important role. How much of the pension is taxed
depends on the year of retirement. The calculation of the tax-exempt amount is
based on the annual gross pension. For individuals who already retired prior to
2005, only 50% of the gross annual pension will be taxed. The tax exemption is a

fixed amount and will remain unchanged in subsequent years. This also applies if the

9
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pension continues to increase due to pension adjustments. Due to the basic amount
of tax exemption (which amounts to EUR 8,820 in 2017), many retirees still do not
have to pay any taxes when they have no further taxable income apart from their
pension. DRV (2016) estimates that nearly three-quarters of pensioner households
are currently completely tax-exempt. Pensioners who have paid average premiums
throughout their working lives and have no noteworthy extra income are expected

to be required to pay taxes on their pensions for the first time in the coming years.

Every year, the percentage of the taxable portion of the pension increases by two
percentage points for the respective retirees. With a pension start in the year 2017
it thus amounts to 74% of the yearly gross pension. After 2020, the taxable portion
of the pension only increases by one percentage point for newcomers. All pensions

starting in 2040 or later will be fully taxed.

2.3 The Reform

In the beginning of 2017, the German federal government introduced the so-called
flexible pension law (Gesetz zur Flexibilisierung des Ubergangs vom Erwerbsleben
in den Ruhestand und zur Starkung von Pravention und Rehabilitation im Er-
werbsleben, 'Flexirentengesetz’). As the name suggests, the new law is intended
to provide more flexibility. It is targeted towards old-age workers and it aims to
incentivize them to continue working after they reach their full-retirement age, by
allowing them to work and collect benefits at the same time while continuing to

accumulate pension capital (DRV 2016).

In the old system, pre-reform, employers paid a pension contribution to the retire-
ment insurance if an employee decided to continue working while collecting pension
benefits. Employees, on the other hand, did not pay a contribution (DRV 2016).
Therefore, employees would stop accumulating additional pension capital as soon as
they started to claim benefits. The employers payments would benefit the overall
pension insurance system and thus contribute to a financially sound pension system.

However, it would not directly affect an individuals’ pension claim.

10
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Now, employees that work and collect are allowed to pay a contribution too. If
individuals choose to continue paying a contribution to the pension system, they
continue to accumulate more private pension capital. As such, the pension points
which determine the pension payment will now be a accumulated until the individual
stops working. Hence, before the reform pension payments were a function of the
sum of pension points up until the statutory retirement.® Post reform, however, they
are a function of the sum of pension points up until the period when the individual

retires — regardless of whether this is before or after the statutory retirement age.

Furthermore, the new flexible pension law allows workers who choose early retire-
ment to work while collecting benefits. Prior to the reform their pension payments
were reduced in case they earned more than EUR 450 per month. From July 2017
on, retirees can earn up to EUR 6,300 per year without any reduction. Earnings
above the threshold will lead to a reduction of the monthly pension payment, i.e.

40% of the labor income will be deducted from the pension payment (DRV 2016).7

3 Related Literature

The literature has long focused on the optimal design of a pension system, i.e. the
benefits and costs of having a fully funded, an unfunded/pay-as-you-go (PAYG),
or a mixed system. Therefore, differences in pension systems across countries have
been studied extensively. Recently, due to demographic pressures and their effect on
public finances, the literature focused on policy measures which aim to ensure the
financial soundness of public PAYG pension schemes. In particular, pension reforms

which raise the retirement age of older workers have been studied extensively.

Cremer & Pestieau (2003) argue that policies, such as increases in both the early and
statutory retirement ages and reductions in early retirement incentives do not only
lighten the financial burden for pension insurances but also promote redistribution
among retired individuals, thus yielding a “double dividend”. Vogel et al. (2014)

find that an upward adjustment in the retirement age has large effects. In their

50r until the individual stops working — in case of early retirement.
"Continued employment after the statutory retirement age does not reduce pension payments.

11
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model with endogenous human capital formation, an adjustment in the retirement

age leads to a reduction of welfare losses for households by about 3 percentage points.

However, adjustments of the retirement age do not suffice to counteract the rise
in longevity. Carone et al. (2016) find that on average in the EU, the duration of
retirement will rise by approximately 3 years for men and by 1.5 for women in the
long run, despite the recent increases in both the statutory and effective retirement
age. Haan & Prowse (2014) develop a dynamic life-cycle model for Germany where
individuals optimal behavior is a function of life expectancy and the design of the
pension insurance. In line with previous findings, their results indicate that older
workers postpone their retirement in response to a rise in longevity in equilibrium.
However, this individual adjustment cannot offset the aggregate adverse effect on the
government budget. Furthermore, they find that an increase of more than 4 years
in the statutory retirement age or an almost 40% cut in the per-year value of public
pension benefits would be necessary to offset the fiscal consequences of improved
life expectancy. These results highlight the further need for policy reforms which

address the fiscal challenges associated with an aging population.

One idea is the introduction of more flexibility for individuals willing to continue to
work while at the same time collecting pension benefits. Carone et al. (2016) argue
that these reforms, which increase incomes during retirement and effectively extend
working lives, are less likely to face political and social resistance than a reduction of
generosity in the pension benefits. From an individual’s perspective, working longer
positively affects the net present value of lifetime income and can be beneficial
for two reasons: Firstly, when postponing retirement, the additional contributions
to the pension insurance increase the pension payment and thus lifetime income.
Secondly, the additional labor income, i.e. wages earned while an individual already

collects pension benefits, can be used to accumulate more private savings.

The gain in lifetime income has large effects on the retirement decision. Laun &
Wallenius (2015) evaluate the recent Swedish pension reform, which is designed
to create incentives for continued employment.® Their model predicts an average

change in the retirement age of 2.5 years as a result of the reform. Interestingly,

8Sweden introduced a defined-contribution insurance financed on a pay-as-you-go basis with a
built-in reduction in generosity and incentives for prolonged employment.

12
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they find that approximately 60% of the change is due to the individual’s gain
in net present value of pension benefits which comes from continued employment.
Introducing reforms that target an individual’s net present value of lifetime income

therefore seem promising.

There is a large amount of work on the optimal design of social insurance, retirement,
and the claiming of old-age pension benefits. However, most of the literature focuses
on the United States (see e.g. Stock & Wise (1990), French (2005), Coile & Levine
(2007), and Laun (2012)) or the differences between the U.S. and Europe (see e.g.
Rogerson (2007) and Laun & Wallenius (2016)). The literature on the German
pension system is focused on previous reforms. Fehr & Habermann (2006) and
Boters & Feil (2009) study the distributional and risk-sharing consequences of the
2007 reform.

Fehr et al. (2012) evaluate the increase in the retirement age in a general equilibrium
model with overlapping generations a la Auerbach & Kotlikoff (1987). In their
model, individuals choose their effective age when to exit from the labor market and
the results suggest that raising the retirement age by two years increases effective
exit age by about one year. However, the reform does not stabilize the contribution
rates in the long run and thus the results indicate a high risk for increased old-age
poverty rates. Empirical studies suggest that as a result of the reforms, expected
retirement decisions changed. Coppola & Wilke (2014) investigate how the raised
retirement age from 65 to 67 influences people’s retirement expectations and find,
on average, that they expect to retire about two years later. Also actual retirement
decisions observable in the data were affected. In 2016, German men, for instance,
on average retired at age 63.9 and hence still well below the statutory retirement

age, which was at 65 and five months (DRV 2017).

I aim to contribute to this literature by adding to the work on Germany. In par-
ticular, I provide, to the best of my knowledge, the first account of the most recent
pension reform. As mentioned earlier, this particular kind of reform, the introduc-
tion of more flexibility, seems promising from a policy perspective and I thus hope

to enhance the understanding of the effectiveness and impact of such an approach.

13
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4 The Model

I consider a partial equilibrium, discrete time, overlapping generations model in
which finitely lived individuals choose how much to consume, save, and whether
or not to retire. I model one period as one year. Individuals enter the model at
age 25 and live for 58 periods with certainty, since life expectancy of a 65 year old
in 2016 was 17.57 years (DRV 2017). The individuals are heterogeneous in their
education, resulting in heterogeneous exogenous wage schedules and heterogeneous

in their dis-utility of labor.

4.1 Preferences

In the model, individuals want to maximize the discounted utility of consumption

and leisure

max Z g {ln(ca,s) —ba(8)las], (2)

Casla

where a is age, s € {high school, university} is type, 3 is the discount factor, ¢,
is consumption, and [, s the age-dependent labor supply. The vector of parameters
ba(s) governs the heterogeneity of the dis-utility of labor which is dependent on age
and type. I assume that b,(high school) < b,(university) to ensure that high school
graduates work even though they receive a lower wage than university graduates.’

Finally, as the maximum age is 83, I = 58.

Individuals maximize their utility subject to the budget constraint

Ca,s + ka+1,s = (1 + T(l - Tk))ka,s + (1 - Tw(ya,s)>ya7s + (1 - Tw(Ra,s>)Ra,sa (3)

where Y, s = W, slq s denotes labor income as wy, s is the age dependent wage. Ty, (Ya.s)
is a progressive tax on labor income, (1 —Tw(Rms)) R, s net retirement benefits which

depend on the age and previous labor income, and 7, the withholding tax on capital

9Instead of modeling e.g. deteriorating health, I assume an increasing dis-utility from labor in
later periods. For a detailed discussion of this assumption, see Section 5.1.
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income. The retirement benefits, R, s, are calculated according to Equation (1).

The government uses the tax revenue to finance the retirement benefits. I abstract
from bequests. Following Laun & Wallenius (2015), (1) I impose a no-borrowing
constraint, k, s > 0. The constrain ensures that people work when they are young,
even though they receive a relatively low wage. (2) I assume a discrete labor choice;
the individual either works full time or not at all, [, € {0,{}. This assumption is
motivated by the well-known fact that hours worked are clustered around a certain,
country specific level of hours and zero hours in the data — a feature that standard
utility functions cannot replicate (French 2005). Fixed costs of work (e.g. the
commute and the set-up time) generate a reservation wage, below which individuals

do not work. They are a common way to explain the data (Cogan 1981).

For simplicity, work is supplied inelastically in the model and there is no stochastic
employment opportunity. As it is common in the literature, I assume preferences

are separable and consistent with balanced growth, which dictates the In(-) choice.

4.2 Recursive Formulation

Since the nature of the problem does not change, I can write individuals’ decision
problem in recursive form. In every period, an individual knows the value for age a,
assets k,, average income and amount of pension points which are relevant for the
calculation of the pension benefits, R,, pension status, and work status. They then
decide how much to consume, how much to save, and whether or not to work. As
Laun & Wallenius (2015), I assume individuals claiming pension benefits can work

but once individuals stop working, they cannot return to work.

In order to limit the computational complexity, I abstract from a number of features
of the German pension law. In the model, I do allow individuals to retire early, i.e.
before they reached the statutory retirement age of 65. According to the German
pension law, they are only eligible for early retirement once they are 63. If they
decide to retire early, i.e. to stop working at e.g. age 63, they receive reduced pension
benefits. Obviously they forego the possibility to accumulate more pension points,

which entails a lower pension payment than if they would have retired at a later
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point. Also, their pension payment is reduced by the early retirement adjustment
factor of 3.6% p.a. The German retirement law allows individuals that retired early
to work, but 40% of the labor income above the threshold of EUR 5,400 (pre-reform)

and EUR 6,300 (post-reform) will be deducted from the pension payment.

I abstract from the possibility to combine early retirement and work in the model.
Once an individual stops working, there is no possibility to continue working part
time. This feature limits the ability to mimic all features of the reform, i.e. the EUR
900 increase in the threshold. However, this is arguably of minor importance for the
calculations of the net present value of lifetime income and, thus, I am confident

that my results will not have a large bias due to this assumption.

Furthermore, I assume that once individuals reach the statutory retirement age,
they start claiming benefits — even if they decide to continue working. Hence, in the
model, individuals will not make use of the possibility to delay their pension claim in
order to receive the increase in the retirement payment of 6% p.a. These assumptions
are necessary because they greatly reduce the choice set and thus computational
complexity. To support this simplification, I notice that Laun & Wallenius (2015)
find that agents will apply for benefits once eligible, and since this choice is not
important in their model, Laun & Wallenius (2016) abstract from modeling the
optimal timing when individuals should start collecting benefits. 1 too highlight the

importance of the decision of whether or not to work at an old age.

To solve the model, I express the maximization problem an individual faces in a

recursive fashion. The value of a state in period a is defined as

V(k,) = max iﬁa[ln(ca)—baza] (4)

{CS ils }gza a=0

s.t Ca,s + ka—f—l,s = (1 + T(l - Tk’))ka,s + (1 - Tw(ya,s))ya,s + (1 - Tw(Ra,s))Ra,57

which can be re-written in a recursive formulation, the so-called Bellman Equation

(Bellman 1957):
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V(k,) = max { In(c,) — bala + BV(kaH)}. (5)

{ka+1 vlﬂ}

The consumption Euler equation which determines the life-cycle consumption profile

reads
ul(ca) = B(l + T(l - Tk))u/(ca+1)7 (6>

where u/(c,) is the derivative of the utility function with respect to consumption in

a particular period. See Appendix A.1 for a derivation of Equations (5) and (6).

Using a recursion working backwards from the last period of life, I can find the
value functions and decision rules for an individual. Since death is certain beyond
age I, the value function at I 41 is identical to zero. Using the budget constraint in
Equation (3) to substitute for consumption in the Bellman Equation (Equation (5)),
the problem in a given period a reduces to the choice of how much to save and
whether or not to work. Consumption is then solved for as the residual and is used
in order to calculate the utility for each level of beginning-of-period assets and each
employment state. The value of this utility level is passed on to the previous period

where the decision rule and the value function for period I — 1 are calculated.

That is, for a given capital endowment, employment status and pension status, I
search for the optimal savings choice that solves the above problem. Repeating this
procedure, I am able to solve for the decision rule in every period. I solve the model
21 times, i.e. once for every year in which an individual could stop working. Then
I compare the value of all different retirement ages to find the optimal retirement
decision. Using the data, I calibrate the model such that the optimal retirement
decision in the baseline model corresponds to what we observe, approximately 64

years.

The computational Appendix A provides a more detailed description of the recur-
sive formulation of the problem (Appendix A.1) and on how the model is solved

(Appendix A.2).
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5 Calibration

In this section, I discuss the values I have assigned to the parameters in the model. I
calibrate the model to mimic the German economy. As is standard in the literature,

I restrict the sample to employed males.

5.1 Preference Parameters

The discount factor 5 and the dis-utility of labor b,(s) are the preference parameters
that need to be assigned values. Similiar to Laun & Wallenius (2015), I choose the
value of the discount factor to avoid any life cycle effects on consumption. From
Equation (6), the consumption Euler Equation, follows that consumption is stable
over time if the left hand side equals the right hand side of the equation. Thus § =
m, where r = 0.03 is the annual interest rate and 7, = 0.26 is the withholding
tax. Hence, (3 is set to 0.98 in the model. The resulting effect is referred to as
consumption smoothing, i.e. individuals’ desire for a stable path of consumption,
which implies that they shift their consumption from periods with higher income to
periods will lower income. Because the retirement, a low income period, follows the

earning period, consumption smoothing leads to a humped-shaped age path of asset

holding (Modigliani 1986).

The parameters governing the dis-utility of labor are important for matching the
retirement age decision in the model and in the data. They are a way to ensure that
individuals stop working when they are old. I assume that the dis-utility of labor is
increasing in age and takes on an exponential form, so that the marginal impact of
the dis-utility of labor increases with every year. Hence, working for one more year

is less painful when individuals are young compared to when they are old.

One argument for why workers receive less utility from working when they are old
is the deteriorating health conditions of older individuals. French (2005), Laun &
Wallenius (2015), and Laun & Wallenius (2016) stress the importance of the neg-
ative impact of health on the labor supply of old workers. In Figure 1, I plot the
estimated probability of being in bad health for four five-year age bins. I estimate

the probability using data on Germany from the Survey on Health, Aging and Re-
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tirement in Europe (SHARE).!? In the survey, individuals indicate their self assessed
health on a scale from 1 to 5, where 1 means poor, 2 fair, 3 good, 4 very good, and 5
excellent health. I define answers below 3 as bad health and fit a quadratic function
to the data. I exclude individuals younger than 55 and older than 75 due to small
sample sizes in those age groups. The estimated probability is in line with findings

by (French 2005, p.407), who plots a similar graph, although for a larger sample.

Including a health sector, and possibly a disability insurance, in the model would lead
to a great increase in computational complexity and thus, for simplicity, I assume
an exponentially increasing dis-utility of labor instead of modeling the underlying
causal channels. As already mentioned, I choose these parameters so the model
matches the employment rates of older workers in the data. Figure 1 also visualizes
the dis-utility of labor for both types. The vector b,(s) is defined on an interval
B(s) = [bmm(s),bmax(s)] where 0,60 (8), bmaz(s) > 0. Assuming an exponential
form and an arbitrary — positive but small — value for b,,,;,(s), I am able to calibrate
bimaz(s) to match the employment rates of older worker in the data. Utilizing a
bisection method in the algorithm, I am able to approximate the value for b,,..(s)
for which the model predicts the observed retirement behavior. In the baseline case

B(high school) = [0.1,2.84] and B(university) = [0.1,3.02].

5.2 Earnings Profile

I construct the exogenous age-varying wage profile using data from the Luxembourg
Income Study for Germany. I use data for university and high school educated males
between ages 25 and 63 and, following Laun & Wallenius (2015), fit a quadratic
function separately for either education levels to the data. In my sample, 31.6% of

men have a university degree. In order to minimize the impact of outliers, I drop

10This thesis uses data from SHARE Wave 6 (DOI: 10.6103/SHARE.w6.610), see Borsch-Supan
et al. (2013) for methodological details.

The SHARE data collection has been primarily funded by the European Commission through
FP5 (QLK6-CT-2001-00360), FP6 (SHARE-13: RII-CT-2006-062193, COMPARE: CIT5-CT-2005-
028857, SHARELIFE: CIT4-CT-2006-028812) and FP7 (SHARE-PREP: No 211909, SHARE-
LEAP: No 227822, SHARE M4: No 261982). Additional funding from the German Ministry
of Education and Research, the Max Planck Society for the Advancement of Science, the U.S.
National Institute on Aging (U01_AG09740-13S2, P01_AG005842, P0O1_AG08291, P30_AG12815,
R21_.AG025169, Y1-AG-4553-01, IAG_BSR06-11, OGHA _04-064, HHSN271201300071C) and from
various national funding sources is gratefully acknowledged (see www.share-project.org).
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Figure 1: Dis-utility of labor and probability of being in bad health
Source: Probability of bad health estimated using SHARE data

the largest 1% and the smallest 1% of observations. The exogenous income profile

is estimated as:

—59,716.91 + 4,467.88 x min(63,a) — 45.23 x (min(63,a))’  if s = h,
Ya,s =
—105,073.20 + 7,479.68 x min(63,a) — 75.24 x (min(63,a))* if s = v,

where h = high school and u = university.

The plotted earnings functions are shown in Figure 2. It displays a hump-shaped
profile, where wages increase in earlier years, level out in the later periods and
decrease slightly shortly before retirement. Clearly, university graduates earn higher
wages than high school graduates throughout their entire work-life. At peak, their
labor income is approximately 1.6 times higher than for their high school graduate
counterparts. Interestingly, the general hump-shape profile, however, is very similar

for both cases.

Note that the data is cross-sectional and we thus have to consider the possibility
of selection issues. One key problem is that we cannot observe an income profile
for individuals who do not work. Therefore, I choose to exclude data from workers

older than 63 years and to hold the estimated income at this age constant for the
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remaining periods. I choose this restriction as it corresponds to the age where

workers are eligible for early retirement for the first time.
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Figure 2: Labor income and contribution-income profiles
Source: Wage profiles estimated using LIS data

Employees who are compulsorily insured pay their own contribution but employers
and employees each pay half of it. The contribution of the employee is deducted from
the salary and the amount of the contribution depends on the salary. Currently, the
total contribution is 18.6%, hence employees pay 9.3% of their income. However,
contributions are only to be paid up to a certain amount of earnings, the income

threshold. This threshold is currently EUR 6,500 per month.

The pension points are calculated according to Equation (1). Recall that if the
individual earnings equal the average earnings, i.e. EUR 37,103, the individual
receives one pension point. An individual cannot receive more than 2.14 pension
points a year, as there is a contribution ceiling, i.e. income over EUR 76,200 will

not be counted toward the calculation of the pension points.

Figure 2 also plots the contribution ceiling which is used to calculate the pension
points in case an individual earns more. In the data, this contribution ceiling is
only binding for the university type. Their labor is below the contribution ceiling
in the first 12 years. At age 37, their labor income exceeds the contribution ceiling
and their additional income is no longer considered for the accumulation of pension

capital. Hence, university graduates receive the maximum amount of pension points,
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i.e. 2.14 points a year, for more than 25 years. For high school graduates, this
contribution ceiling is never binding as their labor income is always below EUR
76,200 a year. Hence, they receive more pension capital relative to their wage than
university graduates since for them, every Euro of income is counted toward the

calculation of pension points.

5.3 Taxes

The government levies taxes to finance government spending and to pay the retire-
ment benefits. It collects two different taxes, a progressive personal income tax,
Tw(Ya.s), and a withholding tax on capital income, 7 as well as the 9.3% pension
contribution from workers. The withholding tax on capital income is 25% and, addi-
tionally, a solidarity surcharge of 5.5% is levied. Hence, the effective capital income
tax equals 26.38% and, thus, 7, = 0.26. This abstracts from the fact that individuals
with an income tax rate below the withholding tax only pay their personal income

tax rate on capital income.!!

The German personal income tax schedule is formula based and progressive in in-
come. I model the tax code according to the OECD Revenue Statistics (OECD
2017), with data retrieved from the OECD Tax Database. There are five brackets
with different marginal taxes. Income below EUR 8,820 per year is tax exempt,
while a taxable income above EUR 256,304 is subject to the highest marginal tax
rate of 45%. The tax calculations are based on the amount of annual taxable income
X, rounded to the next full Euro, such that 7', the income tax liability (excluding

the flat contribution to the pension system), is given by

[ if X < 8,820,
(1,007.27 Y + 1,400) Y if 8,821 < X < 13,769,
T =< (223.76 Z +2,397) Z + 929.57 if 13,770 < X < 54,057, (8)
0.42 X — 8,475.44 if 54,058 < X < 256,303,
0.45 X — 16,164.53 if 256,304 < X,
X

HThe data is retrieved from the German personal income tax code.
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_ X—8,820 _ X—13,769 .
where Y = 15,000 > Z = Tooo0 are parameters set by the government. Figure 3

gives an overview of marginal tax rates for taxable incomes below EUR 100,000.

Pensions are taxed at the progressive personal income tax, but currently 26% of the
pension payment are still tax exempt (DRV 2016). The remaining part is further

subject to the basic amount of tax exemption.

For analytic convenience, I assume the government throws away spending not used
to finance the retirement benefits. This is equivalent to assume it spends the revenue
on something individuals do not value, i.e. that does not affect the marginal utility
from consumption in the individuals’ utility function (Ljungqvist & Sargent 2004,
p. 413). A prime example of such spending is the provision of public goods such as

military spending or law enforcement.
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Figure 3: Marginal income tax rate
Source: Author’s rendering of OECD data (2018)

5.4 Capital Grid

The value function in Equation (4) is defined over a continuous choice set, i.e. I
assume savings is a continuous choice variable, with an infinite amount of possible
values for k,. When I solve the model numerically, I am not able to consider all

possible values for savings. I overcome this problem by creating a discrete state space
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for all possible savings. The non-borrowing constraint defines a minimum of zero for
the state space and I create an arbitrary maximum that will never be binding. I pick
1,000 evenly spaced grid points between the minimum and the maximum. Thus,
savings fall onto the discrete space G = {0, ..., k™*} where £™* = 500, 000. If an
estimate for savings k. does not appear on the grid, it must lay between two known
points. Spline interpolation is utilized to approximate the value of Equation (4),
V(/%a), at this point. I choose £™** to be almost ten times larger than the maximum

of the exogenous age-varying net wage profile. Conducting robustness checks with

a larger K™% and a finer grid leave my results unaffected.

6 The Calibrated Economy — Baseline Model

In the following section, I outline the calibrated model and discuss how well it pre-
dicts the behavior of individuals in the data before the reform. Table 2 summarizes

the parameter calibration.

Table 2: Calibrated parameter values

Parameter Value Target Source
1 58 Final model period Link
r 0.03 Annual interest rate
Tk 0.26 Tax on capital income Link
Tw See Figure 3 Marginal income tax rates  Link
15} 0.98 Discount factor
Y See Figure 2 Income profile Link

High school

binin (h) 0.1 min. dis-utility of labor

binaz(h) 2.84 max. dis-utility of labor
University

binin (w) 0.1 min. dis-utility of labor

brnaz (1) 3.02 max. dis-utility of labor
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In order to calibrate the model, I require it to match important features of the data.
The main indicator I use for the model calibration is the effective retirement by
older workers. To make predictions about the change in behavior induced by the
reform, I adjust the model in such a way that it predicts this behavior correctly.
Only then can I proceed and implement the reform to study causal links between
reform and changes in behavior. The baseline model predicts an optimal retirement
age of 64 years for individuals of both types. This main target is set by the data.
As calculated by DRV (2017), in 2016, German men on average retired at age 63.9
and hence still well below the statutory retirement age, which was at 65 and five
months. Therefore, the model replicates this central feature of the pre-pension

reform German economy.

Figure 4 plots the profiles for the two remaining decision variables, consumption and
savings. Note that consumption is flat for the latter part of the life cycle as I have
calibrated the discount factor in a way to avoid life cycle effects in consumption,
i.e. in the model, individuals smooth their consumption from periods with higher
income to periods with lower income due to their desire for stability. However, due
to the credit constraint in younger ages, we observe an increase in consumption
in earlier periods. Individuals would like to further smooth their consumption by
borrowing against future income. The credit constraint prevents them from doing

so and thus, they consume all their income which is increasing in time.
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Figure 4: Consumption/Asset profiles (university type)
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Because the retirement, a low income period, follows the earning period, consump-
tion smoothing leads to a humped-shaped age path of asset holding. Notice here
again the effect of the borrowing constraint, as individuals start saving only when
they reached an income level where this constraint is not binding anymore. This
coincides with a flattening of the consumption profile. Finally, in the beginning of

the retirement period, individuals start to dis-save until they exhaust their assets.

7 Results

This section applies the model to analyze the flexible pension reform. I outline the
implications of the pension reform as predicted by the model and evaluate quan-
titatively the behavioral response (the timing of the retirement decision) of older
workers. I am particularly interested in whether the reform creates incentives for
continued employment of older individuals. As illustrated in Section 2.3, the Ger-
man retirement system has undergone a major change. The restriction on older
workers, which prevented them from further contributing to the retirement insur-
ance, was lifted and replaced with a more flexible solution. Older workers now have
the choice to continue to accumulate pension capital through employment beyond

the statutory retirement age.

In fact, the reform removed the implicit tax on continued employment in the old
system. Payments by individuals now directly benefit their pension claim and con-
sequently their lifetime income. In particular, the pension points that determine the
pension payment, R, s (see Equation (1)), will now be a accumulated until the time

when the individual stops working.

I find the German flexible pension reform does indeed create large incentives for
workers to remain employed longer. In fact, the model predicts an increase in the
effective average retirement age of 2.7 years, from 64.0 to 66.7. Following the reform,
individuals choose to stay employed for longer because this yields a higher net present
value of lifetime consumption than before the reform. To understand the findings,
consider the decision of a 63-year-old individual. Working for one more year comes

at the costs of suffering from more dis-utility of labor, but these increased costs

26



PENSION REFORM WITH EMPLOYMENT DURING RETIREMENT

are outweighed by the increase in utility the individual receives from an increase in

consumption possibilities.

As Figure 5 visualizes, the reform affects both asset holdings and life-cycle con-
sumption of the individuals for the university type.'? After the reform, individuals
accumulate more capital over the life cycle and consume more in every given year.
Given the increased consumption possibility, the value from optimal behavior, the
value of discounted lifetime utility, increases by 0.05% for the university type and by
0.10% for the high school type after the implementation (not shown in the figure).

Hence, the results imply the reform is welfare enhancing for both types.
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Figure 5: Consumption/Asset profiles (university type)

Note, however, the reform has an heterogeneous effect on the labor supply decision
of either type. As a result, high school graduates increase their effective retirement

age by three years, university graduates work only for two more years.

As such, the labor supply effect is larger for high school individuals. This is intuitive,
since their contribution constraint is not binding. Recall Figure 2, which plots the
relationship between gross income and contribution-income — the calculation basis
which determines the individual contribution to the pension system. Both gross
labor income and contribution-income are identical for high school individuals since

their income is below the contribution ceiling. However, for university graduates, the

12To conserve space I only show the plots for one type; the plots are qualitatively similar across
types.
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contribution ceiling is binding during the years in which they receive higher wages,
and hence, they accumulate less pension points relative to their income than the
high school types. This helps to explain why the effect of continued employment is
less pronounced for the university type, since for them, accumulating more pension

capital is relatively less effective.

Furthermore, since working during retirement results in an increased income, as
individuals receive the pension benefits in addition to their labor income, they face
a higher marginal tax rate. If university graduates continue to work while they
collect retirement benefits, they must pay a relatively higher marginal tax rate on
their pension benefits than high school graduates. This higher marginal tax rate
discourages them to accumulate more pension capital as they advance in age and
thus, for them, continued employment is relatively less attractive than for the high

school type.

8 Sensitivity Analysis

To test the robustness of the results of the model and to increase the understanding
of the relations between the model parameters and the results, I conduct sensitivity
analyses where I vary several features of the model. The parameters governing the
dis-utility of labor are important for matching the retirement age decision in the
model and in the data. Figure 6 plots the dis-utility of labor for the university type
for a variety of specifications for the upper limit of dis-utility of labor, e (u).!?
Since there are no comparable model approaches in the literature, there is no direct
answer as to whether the magnitude of the change in b,,..(s) I use as a robustness
check aligns with previous literature. However, the model predictions should not

completely change when the key parameter is somewhat altered, by say 3% or 5%

in either direction.

The sensitivity analysis suggests that my result, that the reform is effective in en-
couraging older workers to continue working, is generally robust to changes in the

model parameters. For instance, no specification indicates a zero or even nega-

13To conserve space I only show the plots for one type; the plots are qualitatively similar across
types.
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Figure 6: Sensitivity analysis b,q,(u)

tive effect on the retirement behavior in response to the reform. Table 3 shows
the effective retirement ages after the implementation of the reform for a variety
of specifications for the upper limit of dis-utility of labor, b,,..(s). Lowering the
parameter by e.g. 3% does not affect the average retirement effect, an even lower

value actually increases the average retirement age by three years.

Increasing b,,q.(s) obviously decreases the size of the predicted effect, i.e. for a value
e.g. 5% larger than the original specification, the effective average retirement age is
only 1.7 years larger than before the reform. Changing the dis-utility by even more,
e.g. by 10%, leads to pre-reform retirement different from 64, which is inconsistent
with the data. In essence, only when I introduce large deviations from the baseline

calibration, the magnitude of the predicted effect changes.

Moreover, I keep the distribution of university and high school graduates fixed
throughout the analysis. In my sample, the share of men with a university degree
is 31.6%. We know, however, that the share of university graduates in the overall
population rose during the last 15 years, see Figure 7. Changes in the population
structure have implications for the effectiveness of the reform. As the university
types react with a relatively smaller increase in employment in response to the re-
form, the aggregate effects of the reform would be smaller if the share of university

graduates would rise further. Consider a scenario where the share of individuals
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Table 3: Sensitivity analysis b4 ($)

Parameter Value Eff. retirement Avg. eff. retirement
High school
0.95 X byag(h)  2.69 67.0 67.0
0.97 X bpmaz(h)  2.75 67.0 66.7
0.99 X bpae(h)  2.81 67.0 66.7
Baseline bimaz(h) 2.84 67.0 66.7
1.01 X bpae(h)  2.87 67.0 66.7
1.03 X bpaz(h)  2.93 66.0 66.0
1.05 X bpaz(h)  2.95 66.0 65.7
University
0.95 X bpaz(u)  2.87 67.0 67.0
0.97 X bpae(u)  2.93 66.0 66.7
0.99 X bae(u)  2.99 66.0 66.7
Baseline binaz (W) 3.02 66.0 66.7
L.01 X bpaa(u)  3.05 66.0 66.7
1.03 X byaz(u)  3.11 66.0 66.0
1.05 X bpaa(u)  3.17 65.0 65.7

with an university degree is 50%.'* The predicted average retirement age for such

a scenario would be 2.5 years higher than for the pre-reform economy.

9 Discussion

The results of the simulation suggest that the flezible pension reform is effective
in encouraging older workers to continue to participate in the labor force. They
indicate that introducing more flexibility for older workers to their decision making
can be beneficial in two ways. Firstly, it may be beneficial for individuals since the
reform, given the model assumptions, seems to enlarge consumption possibilities

and to enhance welfare. Secondly, since individuals typically earn the highest wages

4 Note, I only consider males with at least a high school degree in my sample. Obviously, the
share of individuals with tertiary education in the population is not policy invariant. However, for
the purpose of this example, I consider an exogenous increase.
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Figure 7: Share of population with tertiary education
Source: Authors rendering of Eurostat data (2018)

during the latter part of their working life, their contributions, which benefits the
overall solvency and sustainability of the pension system, are largest during the time
prior to retirement. Hence, incentivizing workers to continue working after they
reach their full-retirement age has a relatively large impact on the total amount of

pension contributions.

The magnitude of the results is in line with findings of Laun & Wallenius (2015) for
the most recent Swedish pension reform. Their model predicts an increase in the
average retirement age of two and a half years from 62.1 to 64.6. However, this reform
entailed both a reduction in generosity with impact on the present value of lifetime
benefits from regular old-age pensions and a change in the occupational pension
scheme. Both parts of the reform are quantitatively important in their model, which
raises the question of whether my model overestimates the labor supply effect. For
comparison, Fehr et al. (2012) find that raising the retirement age in Germany by

two years increases effective retirement age by about one year.

Therefore, I conduct careful sensitivity analyses where I vary the dis-utility of la-
bor parameter, by, (s). I find that the results are generally robust to changes in
this parameter. While changing the dis-utility leaves the direction of the effect on
the retirement decision unchanged, introducing large deviations from the baseline

calibration changes the magnitude of the predicted effect of the reform.
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A potential source of an upward bias is the specification of the government spending.
Recall that in my model, I assume that the government throws away revenues not
used to finance the retirement benefits. This is equivalent to assuming that it
spends the revenue on something individuals do not value. Another option would
be to assume that the government balances its budget by rebating unused revenue
trough a lump-sum transfer to the individuals. Given that the effective labor tax
rate has not declined following the reform, the lump-sum transfer would adjust in
such a way that the budget balance is restored post-reform. Hence, I am unable to
evaluate if, for instance, the government must run a budget deficit (which has to be

financed by e.g. future tax increases) following the reform.

In their sensitivity analysis, Laun & Wallenius (2015) find that including this general
equilibrium effect leads to a reduction in the effect size by 0.2 years, i.e. in the partial
equilibrium version, they find an increase in the average retirement age of 2.7 years,
compared to the 2.5 years predicted by the general equilibrium version of the model.
This suggests that a general equilibrium model may predict a sightly lower labor

market response for the flexible pension reform than my model.

Furthermore, given that we observe heterogeneous responses to the reform from both
types of individuals, it is interesting to notice what consequences a shift to more
university graduates in a society could have on the pension system. The results also
highlight the dampening effect which the contribution ceiling has on individuals with
income above the ceiling. Together with a progressive tax code, the contribution
ceiling discourages workers with higher wages from continued employment. Hence,
the quantitatively larger share of the positive effect of the reform comes from high
school graduates, and with more university graduates, it would likely be smaller

than currently predicted.

Since I abstract from potentially important features in the decision making process
of individuals, I must acknowledge the limitations of the model. I do highlight the
importance of the decision of whether or not to work at an old age, which is of first-
order importance for the evaluation of the effectiveness of the reform. However,
since I only capture the impact of health by introducing a preference parameter

as a proxy for deteriorating health in older ages, I am, for instance, not able to
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introduce health investments or the decision of whether or not to claim disability
insurance, as potentially interesting decision variables into the model. Also, since
I abstract from general equilibrium effects of the reform, the model is silent on the
effects of government spending. From Rogerson (2007) and Ragan (2013), we know
that the use of government revenue can have implications for labor supply choices
of individuals, thus potentially affecting the effect size of the reform. Larger and
more computationally intense models which include uncertainty in longevity, shocks
to health, a disability insurance, and the potential for individuals to invest in future

health may thus be useful to study the German pension reform in future research.

Lastly, the model is silent on the portfolio choice of individuals when they provide
for their pension. Given Matsen & Theggersen (2004) emphasis on the importance
of the interplay between public pension system and private savings, one potentially
interesting addition to the model could be to allow individuals to invest in various
asset types additionally to their pension savings. This could shed light on the impact

of the reform on the portfolio composition of individuals.

10 Conclusion

In many countries, the ratio of net pension entitlement to pre-retirement earnings is
declining due to demographic developments. Like many other countries, Germany
has introduced several reforms to improve the sustainability of the pension system.
In this thesis, I evaluate the most recent reform, the so-called flexible pension reform,
which was implemented in 2017. It allows workers to accumulate pension capital

through continued employment during retirement.

To this end, I develop a partial equilibrium, discrete time, overlapping generations
model in which finitely lived individuals choose how much to consume, save, and
whether or not to retire, to study the implications on the retirement decision of
old workers. Model households are heterogeneous in education and, thus, in income
profiles, as well as in their dis-utility of labor. This dis-utility is increasing in age

and serves as a proxy for deteriorating health as workers grow older.
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I use the model to study what potential lessons there are to be learned from this
reform and find the reform is welfare enhancing for both types. It creates large
incentives for workers to remain employed longer. The model predicts an increase
in the effective average retirement age of 2.7 years, from 64 to 66.7. Following the
reform, individuals choose to stay employed for longer because this yields a higher

net present value of lifetime income than before the reform.

The focus in this thesis is on the recent German pension reform. Potential av-
enues for future research include extensions of the model to a general equilibrium
framework where individuals’ health, labor market response to changes in taxation/-

government spending, and portfolio choices can be evaluated.

34



References

Auerbach, A. J. & Kotlikoff, L. J. (1987), ‘Evaluating Fiscal Policy with a Dynamic
Simulation Model’, American Economic Review 77(2), 49-55.

Bellman, R. (1957), Dynamic programming, Princeton, New Jersey: Princeton Uni-

versity Press. XXV, 342 p. (1957).

Benveniste, L. M. & Scheinkman, J. A. (1979), ‘On the Differentiability of the Value
Function in Dynamic Models of Economics’, Econometrica 47(3), 727-732.

Berkel, B. & Borsch-Supan, A. (2004), ‘Pension Reform in Germany: The Impact
on Retirement Decisions’, FinanzArchiv: Public Finance Analysis 60(3), 393-393.

Borsch-Supan, A. (1992), ‘Saving and Consumption Patterns of the Elderly: The
German Case’, Journal of Population Economics 5(4), 289-303.

Borsch-Supan, A., Brandt, M., Hunkler, C., Kneip, T., Korbmacher, J., Malter, F.,
Schaan, B., Stuck, S. & Zuber, S. (2013), ‘Data Resource Profile: The Survey
of Health, Ageing and Retirement in Europe (SHARE)’, International Journal of
Epidemiology 42(4), 992-1001.

Borsch-Supan, A., Bucher-Koenen, T., Coppola, M. & Lamla, B. (2015), ‘Savings in
Times of Demographic Change: Lessons From the German Experience’; Journal

of Economic Surveys 29(4), 807-829.

Borsch-Supan, A., Bucher-Koenen, T.; Goll, N. & Maier, C. (2016), 15 Jahre Ri-
ester — Fine Bilanz Expertise fiir den Sachverstandigenrat zur Begutachtung der
gesamtwirtschaftlichen Entwicklung, Technical report, Max Planck Institute for

Social Law and Social Policy - Munich Center for the Economics of Aging (MEA),
Munich.

Béters, S. & Feil, M. (2009), ‘Heterogeneous Labour Markets in a Microsimula-
tionAGE Model: Application to Welfare Reform in Germany’, Computational
Economics 33(4), 305-335.

Carone, G., Eckefeldt, P., Giamboni, L., Laine, V. & Pamies, S. (2016), Pension
Reforms in the EU since the early 2000’s: Achievements and Challenges ahead,
MPRA Paper 78163, University Library of Munich, Germany.


https://ideas.repec.org/a/aea/aecrev/v77y1987i2p49-55.html
https://ideas.repec.org/a/aea/aecrev/v77y1987i2p49-55.html
https://ideas.repec.org/a/ecm/emetrp/v47y1979i3p727-32.html
https://ideas.repec.org/a/ecm/emetrp/v47y1979i3p727-32.html
https://ideas.repec.org/a/mhr/finarc/urnsici0015-2218(200409)603_393prigti_2.0.tx_2-s.html
https://ideas.repec.org/a/mhr/finarc/urnsici0015-2218(200409)603_393prigti_2.0.tx_2-s.html
https://ideas.repec.org/a/spr/jopoec/v5y1992i4p289-303.html
https://ideas.repec.org/a/spr/jopoec/v5y1992i4p289-303.html
http://dx.doi.org/10.1093/ije/dyt088
http://dx.doi.org/10.1093/ije/dyt088
https://ideas.repec.org/a/bla/jecsur/v29y2015i4p807-829.html
https://ideas.repec.org/a/bla/jecsur/v29y2015i4p807-829.html
https://www.sachverstaendigenrat-wirtschaft.de/fileadmin/dateiablage/gutachten/jg201617/arbeitspapiere/arbeitspapier_12_2016.pdf
https://www.sachverstaendigenrat-wirtschaft.de/fileadmin/dateiablage/gutachten/jg201617/arbeitspapiere/arbeitspapier_12_2016.pdf
https://www.sachverstaendigenrat-wirtschaft.de/fileadmin/dateiablage/gutachten/jg201617/arbeitspapiere/arbeitspapier_12_2016.pdf
https://ideas.repec.org/a/kap/compec/v33y2009i4p305-335.html
https://ideas.repec.org/a/kap/compec/v33y2009i4p305-335.html
https://ideas.repec.org/p/pra/mprapa/78163.html
https://ideas.repec.org/p/pra/mprapa/78163.html

Cogan, J. F. (1981), ‘Fixed Costs and Labor Supply’, Econometrica 49(4), 945-963.

Coile, C. C. & Levine, P. B. (2007), ‘Labor Market Shocks and Retirement: Do
Government Programs matter?’, Journal of Public Economics 91(10), 1902-1919.

Coppola, M. & Wilke, C. B. (2014), ‘At What Age Do You Expect to Retire?
Retirement Expectations and Increases in the Statutory Retirement Age’, Fiscal

Studies 35, 165-188.

Cremer, H. & Pestieau, P. (2003), ‘The Double Dividend of Postponing Retirement’,
International Taz and Public Finance 10(4), 419-434.

DRV (2016), Die Deutsche Rentenversicherung im Uberblick — Jahresbericht 2016,

Technical report, Deutsche Rentenversicherung Bund, Berlin.

DRV (2017), Statistik der Deutschen Rentenversicherung - Rentenversicherung in
Zahlen 2017, Technical report, Deutsche Rentenversicherung Bund, Berlin.

Fehr, H. & Habermann, C. (2006), ‘Pension Reform and Demographic Uncertainty:
The Case of Germany’, Journal of Pension Economics and Finance 5(01), 69-90.

Fehr, H., Kallweit, M. & Kindermann, F. (2012), ‘Pension Reform with Variable
Retirement Age: A Simulation Analysis for Germany’, Journal of Pension Eco-

nomics and Finance 11(03), 389-417.

Fehr, H. & Uhde, J. (2012), Optimal Pension Design in General Equlibrium, Annual
Conference 2012 (Goettingen): New Approaches and Challenges for the Labor
Market of the 21st Century 62024, Verein fiir Socialpolitik / German Economic

Association.

Feldstein, M. (1997), Transition to a Fully Funded Pension System: Five Economic
Issues, NBER Working Papers 6149, National Bureau of Economic Research, Inc.

Feldstein, M. (2005), ‘Structural Reform of Social Security’, Journal of Economic
Perspectives 19(2), 33-55.

Feldstein, M. S. (1987), ‘Should Social Security Benefits Be Means Tested?’, Journal
of Political Economy 95(3), 468-484.

Feldstein, M. & Samwick, A. (1998), The Transition Path in Privatizing Social


https://ideas.repec.org/a/ecm/emetrp/v49y1981i4p945-63.html
https://ideas.repec.org/a/eee/pubeco/v91y2007i10p1902-1919.html
https://ideas.repec.org/a/eee/pubeco/v91y2007i10p1902-1919.html
https://ideas.repec.org/a/ifs/fistud/v35y2014ip165-188.html
https://ideas.repec.org/a/ifs/fistud/v35y2014ip165-188.html
https://ideas.repec.org/a/kap/itaxpf/v10y2003i4p419-34.html
www.deutsche-rentenversicherung-bund.de
http://www.deutsche-rentenversicherung.de/cae/servlet/contentblob/238692/publicationFile/61815
http://www.deutsche-rentenversicherung.de/cae/servlet/contentblob/238692/publicationFile/61815
https://ideas.repec.org/a/cup/jpenef/v5y2006i01p69-90_00.html
https://ideas.repec.org/a/cup/jpenef/v5y2006i01p69-90_00.html
https://ideas.repec.org/a/cup/jpenef/v11y2012i03p389-417_00.html
https://ideas.repec.org/a/cup/jpenef/v11y2012i03p389-417_00.html
https://ideas.repec.org/p/zbw/vfsc12/62024.html
https://ideas.repec.org/p/nbr/nberwo/6149.html
https://ideas.repec.org/p/nbr/nberwo/6149.html
https://ideas.repec.org/a/aea/jecper/v19y2005i2p33-55.html
https://ideas.repec.org/a/ucp/jpolec/v95y1987i3p468-84.html
https://ideas.repec.org/h/nbr/nberch/6251.html

Security, in ‘Privatizing Social Security’, NBER Chapters, National Bureau of
Economic Research, Inc, pp. 215-264.

French, E. (2005), ‘The Effects of Health, Wealth, and Wages on Labour Supply
and Retirement Behaviour’, Review of Economic Studies 72(2), 395-427.

Haan, P. & Prowse, V. (2014), ‘Longevity, Life-cycle Behavior and Pension Reform’,
Journal of Econometrics 178(P3), 582-601.

Herbertsson, T. T. & Orszag, M. (2003), The Early Retirement Burden: Assessing
the Costs of the Continued Prevalence of Early Retirement in OECD Countries,
IZA Discussion Papers 816, Institute for the Study of Labor (IZA).

Imrohoroglu, A., Imrohoroglu, S. & Joines, D. H. (1998), ‘Computing Models of
Social Security’, QM&RBC Codes, Quantitative Macroeconomics & Real Business

Cycles.

Kommission (2003), Abschlussbericht der Kommission fiir die Nachhaltigkeit in
der Finanzierung der Sozialen Sicherungssysteme, Technical report, Bundesmin-

isterium fiir Arbeit und Soziales, Berlin.

Laun, T. (2012), Optimal Social Insurance with Endogenous Health, SSE/EFI Work-

ing Paper Series in Economics and Finance 742, Stockholm School of Economics.

Laun, T. & Wallenius, J. (2015), ‘A Life Cycle Model of Health and Retirement: The
Case of Swedish Pension Reform’, Journal of Public Economics 127(C), 127-136.

Laun, T. & Wallenius, J. (2016), ‘Social Insurance and Retirement: A Cross-Country

Perspective’, Review of Economic Dynamics 22, 72-92.

Ljungqvist, L. & Sargent, T. J. (2004), Recursive Macroeconomic Theory, 2nd Edi-
tion, Vol. 1 of MIT Press Books, The MIT Press.

Maestas, N. & Zissimopoulos, J. (2010), ‘How Longer Work Lives Ease the Crunch

of Population Aging’, Journal of Economic Perspectives 24(1), 139-60.

Matsen, E. & Thggersen, 0. (2004), ‘Designing Social Security - A Portfolio Choice
Approach’, Furopean Economic Review 48(4), 883-904.


https://ideas.repec.org/h/nbr/nberch/6251.html
https://ideas.repec.org/h/nbr/nberch/6251.html
https://ideas.repec.org/a/oup/restud/v72y2005i2p395-427.html
https://ideas.repec.org/a/oup/restud/v72y2005i2p395-427.html
https://ideas.repec.org/a/eee/econom/v178y2014ip3p582-601.html
https://ideas.repec.org/p/iza/izadps/dp816.html
https://ideas.repec.org/p/iza/izadps/dp816.html
https://ideas.repec.org/c/dge/qmrbcd/131.html
https://ideas.repec.org/c/dge/qmrbcd/131.html
https://www.bmas.de/SharedDocs/Downloads/DE/PDF-Publikationen
https://www.bmas.de/SharedDocs/Downloads/DE/PDF-Publikationen
https://ideas.repec.org/p/hhs/hastef/0742.html
https://ideas.repec.org/a/eee/pubeco/v127y2015icp127-136.html
https://ideas.repec.org/a/eee/pubeco/v127y2015icp127-136.html
https://ideas.repec.org/a/red/issued/14-161.html
https://ideas.repec.org/a/red/issued/14-161.html
http://www.aeaweb.org/articles?id=10.1257/jep.24.1.139
http://www.aeaweb.org/articles?id=10.1257/jep.24.1.139
https://ideas.repec.org/a/eee/eecrev/v48y2004i4p883-904.html
https://ideas.repec.org/a/eee/eecrev/v48y2004i4p883-904.html

McCandless, G. (2008), The ABCs of RBCs — An Introduction to Dynamic Macroe-

conomic Models, Harvard University Press.

Modigliani, F. (1986), ‘Life Cycle, Individual Thrift, and the Wealth of Nations’,
American Economic Review 76(3), 297-313.

OECD (2017), Revenue Statistics: 1965-2016.

Ragan, K. S. (2013), ‘Taxes and Time Use: Fiscal Policy in a Household Production

Model’, American Economic Journal: Macroeconomics 5(1), 168-92.

Rogerson, R. (2007), ‘Taxation and Market Work: Is Scandinavia an Outlier?’,
Economic Theory 32(1), 59-85.

Samuelson, P. A. (1958), ‘An Exact Consumption-Loan Model of Interest with or
without the Social Contrivance of Money’, Journal of Political Economy 66, 467—
467.

Stock, J. H. & Wise, D. A. (1990), ‘Pensions, the Option Value of Work, and
Retirement’, Econometrica 58(5), 1151-1180.

Vogel, E., Ludwig, A. & Borsch-Supan, A. (2014), Aging and Pension Reform:
Extending the Retirement Age and Human Capital Formation, SAFE Working
Paper Series 82, Research Center SAFE — Sustainable Architecture for Finance
in Europe, Goethe University Frankfurt.

Wickens, M. (2012), Macroeconomic Theory: A Dynamic General Equilibrium Ap-
proach Second Edition, number 9743 in ‘Economics Books’, Princeton University

Press.


https://ideas.repec.org/a/aea/aecrev/v76y1986i3p297-313.html
https://www.oecd-ilibrary.org/content/publication/9789264283183-en
http://www.aeaweb.org/articles?id=10.1257/mac.5.1.168
http://www.aeaweb.org/articles?id=10.1257/mac.5.1.168
https://ideas.repec.org/a/spr/joecth/v32y2007i1p59-85.html
https://ideas.repec.org/a/ucp/jpolec/v66y1958p467.html
https://ideas.repec.org/a/ucp/jpolec/v66y1958p467.html
https://ideas.repec.org/a/ecm/emetrp/v58y1990i5p1151-80.html
https://ideas.repec.org/a/ecm/emetrp/v58y1990i5p1151-80.html
https://ideas.repec.org/p/zbw/safewp/82.html
https://ideas.repec.org/p/zbw/safewp/82.html

A Computational Appendix

A.1 Recursive Formulation

Following McCandless (2008), I formulate the individual’s problem recursively and
derive the consumption Euler equation which gives the optimal intertemporal con-
sumption decision. To simplify notation, I suppress the dependence on type s. In
the model, the amount of assets available at age a, k,, is predetermined and known.
The individuals choose the amount of assets that will be available in period a + 1,

kai1, and thus re-writing the budget constraint in Equation (3) as

1

Ca = 1+, <(1 + T(l - ka))ka + (1 - Tw(ya))wala + Ry — ka—f—l) (A.l)

allows us to express the value of the objective function as

V(k) = max iﬁa{ln( (= k4 (1 )l

{kalam1}H a1 S5 I+

+ R, — kza+1>) - bala] : (A.2)

where the value of the value function, V'(k,), is the discounted value of utility when
the maximization problem has been solved and when k, was the initial amount of
assets (McCandless 2008, 53). Since the problem is recursive in nature, the value

function in the next period can be written as

I
" 1
Vi) = max 327 i (o (70 = s (1= )l
+ Ra+1 - ka+2)> - ba+1la+1:| . (AB)



By separating the period a problem from that of future periods, I can write the

value function in Equation (A.2) as

1
= 1 1+7r(1— 1— — —
V(ka) {kir}-?,)l(a}{ n (1 + Te <( + 7"( Tk))ka + ( Tw(ya))wala + Ra kaJrl)) bala

+  max iﬁ{m( 1(@+M%wﬁ%+ﬂ—m@M%@

{kalsm1}Y_op2 <= 1+7
+ Ry — ka+1>) — bala] } (A.4)

Adjusting the indices in the second part of the sum yields the Bellman equation

(Bellman 1957):

1
V(ka> = {k{ﬁ?,}l(a}{ 111 (1 _|_ T, <<1 + ’r(l - Tk)>ka + (1 - Tw(ya))wala + Ra - ka—i—l)) - bala
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—m@+ﬁV@ﬁg} (A.5)

To proceed, I assume that the value function exists and has a first order derivative.

The resulting first-order condition w.r.t k,.; is

—1 L5 OV (ka+1)
(1 + T<1 - Tk))ka + (1 - Tw(ya))wala + Ra - ka-i—l ak:a—f—l

=0.  (A6)
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Assuming the conditions' for the Envelope theorem (Benveniste & Scheinkman
(1979)) hold, I can find %‘il) by taking the partial derivative of the Bellman

equation in Equation (A.5) w.r.t kg

147
(1+7(1—7)ke + (1 — Tw(Ya))Wala + Ry — ka1

(A7)

Using the result in Equation (A.6) and evaluating Equation (A.7) in period a + 1,

I obtain the consumption Euler equation:

1
(L r (@ = 7))k (1= 7u(ya)wala + R~ ka1
3 I+r
(1 + T(l - Tk))ka—i—l + (1 - Tw(ya-l-l))wa—i—lla-i-l + Ra+1 - ka+2
=
w(ca) = AL+ 7(1 = 7)) (Cann). (A8)

15Using the following notation

V(xy) = max[F(ke, ye) BV (241)]
s.t.
T = G(24, Y1)

that gives the Benveniste-Scheinkman derivative as

V(1) = Fo(we, ye) + BV (G2, y0)) G (21, y2)

holds under the following assumptions
1. z; € X, where X is a convex set with a nonempty interior
2. F(-,-) is concave and differentiable
3. G(,-) is concave and differentiable and invertible in y;
4

. Yyt € Y, where Y is a convex set with a nonempty interior.
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A.2 Solution Algorithm

This section draws on Imrohoroglu et al. (1998) which describe in detail the algo-
rithm used to solve for a stationary equilibrium in overlapping generations models.
The MATLAB code for the computation of the baseline, as well as of the reform

scenario, is available upon request.
The state x of an individual is given by
e age;
e assets;
e pension points;
e work status (age at which stopped working, if no longer working); and
e pension status (age at which started claiming pension benefits, if claiming).
An individual knows z in the beginning of period and decides
e how much to consume;
e how much to save;
e whether or not to work; and
16

e whether or not to claim pension benefits.

I require the asset holdings k, to fall on a discrete grid of points G = {g1, ..., gm},
where g; > 0 due to the non-borrowing constraint. Let Equation (4) be the max-
imized value of the objective function of an age-a individual. The optimization
problem is one of finite-state, finite-horizon dynamic programming. Using a recur-
sion working backwards from the last period of life, I can find the value functions
and decision rules for the individual. Using the budget constraint in Equation (3)
to substitute for consumption in Equation (5), the problem in period a reduces to
choosing how much to save and whether or not to work, i.e. choosing the asset hold-
ings tomorrow k, 1 and the labor supply /,. For individuals that are eligible and

claim benefits as well as for individuals that are at age 63 and older, the control space

16For simplicity, I assume latest when individuals reach the statutory retirement age, they start
to claim benefits. For a discussion of this assumption, see Section 4.2.
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in a given period is an m x 2 matrix X, = {z, = (kas1,la) : ka1 € G;l, € {0,1},
i.e. they choose how much to save and whether or not to work. I assume once
individuals stop working, they cannot return to work. Hence, for individuals that
stopped working, the control space does not contain [, anymore and is thus a m x 1
vector X, = {Z4 = ka1 : kar1 € G}. Consumption, which is a continuous variable,
is solved for as the residual and is used in order to calculate the utility for each level

of beginning-of-period assets, employment state, and pension state realization.

Since death is certain beyond age I, the value function at I + 1 is identical to zero.

Hence the solution to

V(kr) = r?lafc In(cr) — by, (B.1)
I
subject to
cr=01+r(1—m))kr+ (1 —71u(yr)yr + Ry, (B.2)

is an m x 1 vector decision rule D; = {d; = I; : I; € {0,1}} for age-I individuals.
Notice that ky,; = 0 since there is no bequest motive and death is certain after
period /. The value function V' (k;), which is an m x 2 matrix with entries that
correspond to the value of utility at the different possible asset levels and work
status, is passed on to the next step where the decision rule and the value function
for period I — 1 (and similarly for all other periods) are calculated in the following

way

{krdr—1}

V(kr—1) = max { In(cr) — brly + ﬁV(k;)}, (B.3)

subject to

Cr—1+ k] = (1 -+ T(l — Tk))k[,1 + (1 - Tw(yl—l))ylfl + (1 — Tw<RIfl))lel- (B4)

For every given x;_o5 € X;_ o, the value of x;_; € X;_; that solves the above problem

is obtained by evaluating the objective function at each point in the choice set X.

v



This value is reported in the first row of the m x 2 decision rule D;_ = {d;_; =
(kr,l;_1) : kr € G; 11—y € {0,1}}. Repeating this procedure for all possible initial
states, the entire matrix D;_; is filled, i.e. for a given k;_5 and employment status
as well as pension status, which depends on the type of the individual, I search over
kr_1 € G that solves the above problem and report the value as an element of the

decision rule.

Simultaneously, the value function V;_; is found as an m x 2 matrix with entries
corresponding to the right-hand side of the above objective function evaluated at the
decision rule D;_;. Then, given a state in the initial period and a retirement age, I
am able to pin down the optimal consumption and savings profile of an individual

and the associated value with these profiles.

I solve the model 21 times. Once I have solved the model for all possible retirement
ages, i.e. every year in which the individual could stop working, I compare the value
of all different retirement ages to find the optimal retirement decision. Using the
data, I then calibrate the model such that the optimal retirement decision in the

baseline model corresponds to what we observe, approximately 64 years.

VI
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