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1 Introduction

As shown by Samuelson (1958), in a two-age groups @gnig generations model (OLG)
with an infinite time horizon, an exogenous produttsector and a constant contribution rate,
the steady-state rate of return on contributions payaas-you-go (PAYG) pension system is
equal to the rate of growth in the labor force andproductivity. Hence, in countries
experiencing population ageing, low fertility amav productivity growth, pre-funded pension
systems with privately defined contribution plans mpgear a superior alternative. Indeed,
the two most propagated arguments in favor of privadelfjned contribution plans are that
such plans raise national savings and thus stimulate gramththat returns on contributions
are higher than in PAYG systems (e.g., Palacios andeihise, 1998).

Models that quantitatively investigate rates of retwm pension contributions almost
exclusively focus on thenter-generational dimension. Recent literatures includitegren
and Mikula (2005) and Knell (2010). Only a few stegladdress th@tra-cohort dimension
(i.e., Cubeddu, 2000, Auerbach and Kotlikoff, 198@rohoroglu et al., 1995, and Fullerton
and Rogers, 1993). This is surprising as the intra-¢aiorension is of key relevance for
policymakers: PAYG pension schemes approach maturitydwmle and theintra-cohort
distribution of rates of return can be seen as amabali of life-time redistribution within the
pension system. Particularly, the intra-cohort dimensaveals how well, in monetary terms,
an insurant is treated relative to other insurantseindohort, and how well-off the birth
cohort as a whole is (e.g., Liebman, 2001, pp. 5-6).

In many countries neither experts nor the public kinmw intra-cohort distributions of rates
of return on pension contributions look like, largélgcause the necessary micro data, i.e.
insurances’ biographies together with their pensiotitlements, is not available. Instead,
rates of return on pension contributions are typicallynputed for some types of
“representative” insurants with stylized biographiest,uch representative beneficiaries are
rarely an efficient simplification, and the exceptiather than the rule: Even within the same
birth cohort, labor-market shocks, human capital investsyenarriage and fertility decisions,
and other factors cause substantial heterogeneibdiniduals’ employment biographies. All

these factors affect individual pension contributiond antitlements, and this may map in

1 Of course, the rate of return is only one evatiratiriterion. Potentially favorable effects of PAY&gstems
include the elimination of adverse selection (Tayrdnd Boadway, 1988; Feldstein, 1990) and thedawnagie of
free riding by parents at the expense of theiugltic children (Lindbeck and Weibull, 1988). Thegn also
serve as a device for intergenerational risk shaf@ng., Smith, 1982, and Gordon and Varian, 1988), as an
insurance against not having children (Sinn, 20049reover, they may act as an enforcement device fo
ungrateful children (Sinn, 2004).



differences in rates of return across insuréntSurthermore, computations based on
representative beneficiary types do not shed lighthenintra-cohort redistributive channels
inherent in pension systems, coming from the fact geaision entitlements depend on
various factors other than earnings. For example,@anGhrman system as in many others,
pension entitlements of married insurants can be traedféorthe partner after the insurant’s
death; insurants with children benefit from regulatidhat compensate for income losses
during periods of child rising.

For such and other reasons, Bosworth et al. (199%edttat stylized hypothetical earnings
biographies assuming steady earnings throughout earrangsrs are misleading, and argue
that researchers should consider real-life earningsrpatthat can be seen in micro data. The
present work seeks to contribute in this directiorptmyviding the intra-cohort distribution of
internal rates of return (IRR) on pension contribngidn Germany’s PAYG system, the
blueprint of Bismarck-type pension systems worldwide.

In our analysis, we focus on old-age pensioners wigstVGerman employment biographies
retiring in year 2005. These insurants realized anagecexpected nominal IRR of about 3.3
percent. At the same time, IRR substantially differoss different beneficiary groups. In
particular, IRR is significantly influenced by the nediciaries’ gender: it is about one
percentage point higher for female compared with rbateficiaries. The IRR gender divide
results from the fact that the German PAYG system crpdiieds of child rising or care for
ill/handicapped partners and that female insuranteriake these activities more often.
Another important finding is that the IRR is decregsin insurants’ lifetime earnings,
suggesting that the German system entails an intratddietime progressive element.

The IRR distribution is derived from authentic repréatve social security records from a
recently released database, the “Completed Insuramssi(CIB) provided to us by the
German Pension Insurance. For a representative sampbnsion insurants retiring in year
2005, the CIB contains monthly-level information orsurants’ employment biographies.
Particularly, the database documents, for each insuthr entire stream of pension
contributions before retirement together with actaahual pension entitlements at the
moment of retirement. Unfortunately, the CIB does nolude insurants who did not survive
until retirement. Accordingly, our IRR estimates a&anditional upon survival. Due to a
positive risk of pre-retirement deatimconditional IRR estimates should be lower. In sum,

2 Also the “timing” of earnings through the employm&iography can affect internal rates of return.
% The original German title of the database is “ntlete Versichertenleben”.



our approach takes farward-looking perspective on retirement andbackward-looking
perspective on employmeht.

Empirical studies on the intra-cohort IRR distributisnch as ours, are scarce due to the lack
of adequate data. Only a handful of studies existudiing Burkhauser and Warlick (1981),
Hurd and Shoven (1985), Duggan et al. (1993), GusamdrSteinmeier (1999), and Liebman
(2001). To the best of our knowledge, previous stifiie Germany exclusively focused on
stylized biographies (e.g., Schnabel and Ottnad, ,2068mann and Stolz, 2004, or Schnabel,
1998).

The remainder of the article is organized as follovwetiSn 2 presents the database and its
preparation. Section 3 contains the technical framlewithe sample breakdown is presented
in Section 4, and Section 5 provides our empiricdults. Section 6 deals with the

implications of our results, and Section 7 concludes.

2 Database and data preparation
2.1 Completed Insurant Lives 2005

The scientific use file “Completed Insurant Lives” (CHBdm year 2005 is an excerpt of all
German social insurance accounts. It stores representatiministrative employment
biographies of 37,716 pension beneficiaries born batweear 1940 and 1975 entitled to
public pension benefits (old age and reduced-earmagacity pensions) from year 2005 and
on. The database is split into two parts. The first gartains several time-invariant
variables, e.g., the beneficiary’'s gender, natiopaldate of birth, or type of pension
entittement. The second part documents the employmstdries. For each beneficiary, it
reports monthly data on pension contributions, employrstatus, child raising activity, etc.
Up to 624 elements of monthly information (equivalenb2 insurance years) are stored in a

37,716x 624 matrix for every reported variable. No other German databaseidpso

longitudinal biographical information for a longer time horizon.
We have discarded several biographies from the database for reasons lsted bel
(1) Sometimes biographical information is fragmented and incomplete.c@hih©appen
if the pension entitlement of a beneficiary has been computed rharyalan
employee of the German pension insurance (see German Pensi@amdes@007, p.

15, for details). This affects 2,222 cases which have been discarded from the database.

“ We would like to thank two anonymous refereestifi@ir most helpful comments concerning the impéthe
sample restrictions on our (conditional) IRR estiesa



(2) As our focus is on old-age pensioners (according to Social Se€odg (SSC),
Book VI 8835, 36, 37, 237, 237a), we have excluded all beneficiaries receiving
pension for a limited duration only, e.g. due to a serious ilfhessuding such cases
would have urged us to make (arbitrary) assumptions about the duraifioess and
the future ability/capacity to work. For this reason 7,133 cases have beedatisca

(3) Altogether, 5,991 beneficiaries have made contributions to the pensitemsysthe
Former German Democratic RepubficThese are discarded as a meaningful
conversion of contributions made in Marks to pension entitlements in ggems
impossible to us.

(4) Some beneficiaries are entitled to an old-age pension without hewéng made
sizable own contributions from earned income subject to mandatorgmsurSuch a
beneficiary’s IRR can be quite high. To avoid outlier-driven bias have excluded
the one percent of beneficiaries with the highest IRR. For syimmeasons, we have
also excluded the one percent with the lowest IRR. Altogether, thissresdropping
562 (= 2-281) cases.

By construction, the resulting working sample underlying all furttaculations is not

“representative” in the sense of the original CIB database.ClIBerepresents all the

insurants born between 1940 and 1975 entitled to an old age or a reducedsearning

capacity pension from year 2005 onwards. Instead, our working sample of 21,509

insurants contains West German old-age pensioners born between ri@4094b.

Accordingly, our analysis sheds light on a specific, yet promisebtpopulation of the

original CIB database: old-age pensioners with West German empibpiographies.

2.2 Survival probabilities

To assess the expected value of pension entitlements, insurantgakprababilities are

required. Survival probabilities are derived from official gender- ayespecific mortality

statistics for West Germany (see German Federalsgtati Office 2007, for details). For
persons of age 60 to 65 in year 2005, Figure 1 depicts survival probkahilgito an age of
100 years. Altogether, six graphs are provided, one for each agarig0@5 (60 to 65 years).
Within each graph, survival probabilities are further distinguisheddmnder. For example,
the graph in the bottom left corner of Figure 1 indicates ithatear 2005 a 64 year old

woman'’s (man’s) probability to survive another 20 years is about 6(étéent.

> A similar approach is also adopted in Liebman (900
® The number includes five cases for which the regibresidence is not provided.



In case of an insurant’s death, the surviving partner cagvee@ survivor pension which
constitutes a further return component on the insurant’s contributiorderive the expected
value of survivor pensions, we have also computed the probability that an inseeadetein
a specific year after retirement while the partner Isatve (and hence is credited a survivor
pension). Resulting joint probabilities are summarized in FiguréAdain, graphs are
decomposed by retirement age and gender. The joint probabilitiesnréiye assumption that
the partner of a male (female) insurant is three years wouader). Higher survival
probabilities of females together with the age difference kmiwtbe partners lead to a
substantial gap in the joint probabilities for female and male insurants.

Mortality tables provided by the German Federal Statis@ffite do not differentiate with
respect to income. However, several studies suggest that people ghi¢h imcomes tend to
live longer (e.g., Rogot et al., 1992, and Pappas et al., 1993). This affects tHistiiRRtion:
our approach tends to underestimate IRR of insurants with high indUmevill come back
to this issue in Section 5.2. Official mortality statistidsoado not reveal the inter-
dependencies in the remaining lifetimes of spouses. Accordingctariaiet al. (2008), when
one of the spouses dies, the partner’s probability of dying fi$es our IRR estimates for
married insurants are too high as expected returns from widopgasjons are overvalued.
Finally, the possibility of future improvements in life expectarge not taken into account,

potentially leading to downward-biased IRR estimates.

3 Definitions, legal and technical framework

3.1 IRR — unique, nominal, and gross

IRR measures the profitability of an investment. It is ther@steratej, for which the net
present value of an investment is zero. As our perspective isrtbfeaking on retirement,
returns are weighted by survival probabilities we take dackward-looking perspective on

employment, the flow of investment, i.e. the pension contributions, enteothgutations in
non-weighted form. Let denote a periodB, >0 the pension contribution it, and E[R]
the expected value of the pensiBn> 0, then the expected IRR at the moment of retirement

(year 2005) ensures that

" See German Federal Statistical Office (2007) ritorimation on life expectancies and age differermmtgeen
male and female spouses.
8 See Section 2.2 for details.



(1) Z'ﬁs B, (1+1,)°"'= R 5005+ i ER,) / (D

121954 122006
Generally, if the sign of cash flows repeatedly rdes over time, multiple IRR can be
obtained, making it difficult to decide which IRR tise. This complication does not apply in
our case as the sign changes only once, namely @wdusively negative during the
contribution phase to positive in the retiremenaggh Hence, individual IRR functions are
continuous and unique, potentially ranging fromsghfinity to minus infinity.
In principle, IRR can be obtained from cash flovemiominated in real or nominal terms. In
the first case, contributions and pension entitleimiare expressed in prices as of the time of
occurrence of the flow. In the second case, theyeapressed in prices as of the day of the
evaluation. Using data on past consumer pricesis itpossible to convert previous
contributions in real terms. Expressing future meguin real terms, however, would require
price forecasts for the next decades. As foreaastsecan be huge, we have expressed all
flows in nominal terms. Measuring IRR in nominains has a second merit as it allows
comparisons with nominal capital market interetgsa
The German pension system is stabilized via sutigtaax-financed state subsidies. Non-
insurance-related benefits such as transfers toghefederal states, to families, immigrants
and minimum pensions, which are not entirely cosddrg own contributions, are the rationale
for these subsidies. The rise in VAT rates in AfpAB8 was justified by a rising deficit in the
public pension system and the political will notftwther increase contribution rates. Since
year 1990, the share of total PAYG expenses thateeaered by state subsidies rose from
18.7 to 27.8 percent (see Figure 3 for details) [RIR estimates do not reflect that such
subsidies are financed by taxes, also imposed @n kéneficiaries. Moreover, tax-
subsidization may have additional distributiondeefs. Germany’s income-tax tariff, for
example, is progressive. Taking such an effect astwount would reduce the IRR of “rich”
relative to the “poor.”
Finally, our IRR estimates are gross. In the GerfANG system, pension contributions are
equally financed by the beneficiary and her employeventually, both reduce the
beneficiary’s net earnings so that we interpret then of both as the beneficiary’s
investment. To be consistent, we consider gross pension emiithts before tax deductions,
health care or care insurance contributions whéulzding the IRR.

° For empirical evidence that the incidence of plyaxation is fully on wages see, for example, k&mu(1997).



3.2 Deriving IRR from the database

This subsection first sketches the legal framewdekermining pension contributions and
entittements. Then we show how the necessary irdbom can be derived from CIB and

complementary external databases and summariagarking assumptions.

Book six of the Social Security Code contains thgal framework of Germany’s statutory

pay-as-you-go pension system. A central charatiterid the system is a close relation

between the sum of earnings liable to compulsosuriance from so-called “contribution

periods” and monthly pension entitlement afterestient. However, pension entitlements can
also be gained during so-called “non-contributicriguds”. For example, when a mother
withdraws from the labor market after the birth afchild, pension contributions (and

corresponding entitlements) are credited for atéohiperiod although she did not make
pension contributions from own earnings in the saer@d. Non-contribution periods can be
credited for the following reasons: (i) sickneshabilitation, studies or higher education, and
others (so-called “Anrechnungszeiten”); (ii) miljaservice or detention due to political

reasons (so-called “Ersatzzeiten”); (iii) childsiag or care of dependants

(“Berucksichtigungszeiten”).

The sum of all the credited pension contributiofisadeneficiaryj in periodt, b, , (in
Euro) equals

(2) bj,t=E'CR'RPJ,t'

In equation (2),E, is the national average of earningstiiexpressed in EurolGR the
contribution rate irt, and RP,, denoteghe remuneration points accumulated pyn t. E,

andCR are identical for all beneficiaries and can beetakrom official statisticsRP,, is

beneficiary-specific and is stored in CIB’s varmlpart. Remuneration points from own
employment are directly linked with annual earnisgbject to compulsory insurance. jIfs
earnings in period coincide with average earnings of all employedkecs in the same year
(50 percent of the national averag&R,=1.0 (RP,, =0.5). Accumulated remuneration
points during aforementioned non-contribution perém not reflect an investment. For this
reason, they are not included when a beneficianyestment is computed. However, they are
considered when the pension entitlement is defined.

It is possible to distinguish remuneration pointsnf own contributions and from non-

contribution periods through combining, month peynth, the information contained in the



variables meEGPT,,...,mEGPT,,, , OmEGPT,...,gmEGPT,,, , SES,....SES,,, , and
JKUM,,...,JKUM,,. The variablemEGPT,, provides the remuneration points from principal
employment in monthm. The variablegmEGPT,, is an aggregate including remuneration
points from principaland non-principal employmengas well as from non-contribution
periods. The variabl€ES, describes the insurant’s social status, e.g. vendtie insurant is
employed, unemployed, is raising a child or carfiaigan ill partner. The dummy variable
JKUM , indicates whether the insurant has more than om@oyment contract subject to
mandatory insurance.

In our calculations, monthly pension contributioase defined bymEGPT_ & whenever
JKUM , does not indicate more than one employment cdantsabject to mandatory

insurance. Otherwise, we ugenEGPT_ . Our approach may lead to some error in the value

of the derived investment if beneficiaries have twanore employment contracts and, in the
same month, are credited remuneration points forom@-contribution period. Such cases
should be a rare exception.

When computing actual insurants’ investments, @olytributions from own earnings should
matter. Accordingly, letm=a denote the first andh=a+11 the last month of a yedr, then

remuneration points from own contributions are determined via

a+11 a+11

(3) RRI"= Z mEGPT, -E1 | +Z gmEGPT, -E2,

m -

In equation (3),EL,, and E2, = denote dummy variable€l, = (E2, ) equals one if

beneficiary ] earns exactly one income (more than one incombjesuto compulsory

insurance in monthm . Otherwise, the respective dummy is z&adhen, j's annual
contributions from own earnings irequal b/i" = E-CR-RP”. The sum of contributions
made by the beneficiary and her employeBjs=2-b’" .

Pension entitlements are defined by the so-calfeshsion formula”. According to SSC VI

864, theannual pension entitlement of an insuraptin yeart is
(4) R,=12A-E -RA.
The variableA denotes the aggregate level of current pensiofkti{éller Rentenwert”), a

monetary amount that links up the pension entitlgnagth several macro variables including

1% Further details on the handling of the data aedSATA codes can be provided by the author upqoest.



the wage sum, the nation-wide sum of pension dautions, the demographic structure of the
population, etc. (see SSC VI 868 for details). &ary2005, for example, the current pension

level in Germany’s Old Federal States was €26.1&. ViariableE, is the number obersonal

remuneration points a beneficiary has accrued dker lifetime (stored in the variable
psegpt90 in the fix part of the CIB database), i.e. the soivall remuneration points (from
own contributions and also from non-contributionripes) corrected for the so-called
“Zugangsfaktor”. The latter reduces annual pengntitlements in case of early retirement
(see SSC VI 877 for detailS)Finally, the “Rentenartfaktor'’RA, , differs by the type of

pension that is defined in the variableEAT in CIB's fix part. For example, the
Rentenartfaktor equals 1.0 when an old-age peraioording to SSC Book VI, 88 35, 36, 37,
237, 237a is granted. It is 0.55 when a “large”awder) pension is granted (see SSC VI 8§77
for details).Now, the actual pension entitlement of an insucamt be computed. However, an
assumption is necessary concerning the evolutiggens$ion entitlements for future years. We
assume a rather conservative scenario where allefytension entittements (from year 2009
and on) are frozen at the nominal level of year@60

With the streams of contributions, pension entidats and survival probabilities, the
expected nominal IRR for every beneficiary can benguted. When no survivor pension
must be taken into account, IRR equalizes the valuannual contributions (from own

earnings) during the active phase and the expextedal pension entitlements in the passive

phase
S8 + )2005-t &P H 2005
© 3 e s SRR (a0, /0
t=1954 t=2005

In equation (5),B, ,4s,, for example, denotes the annual amount of permatributions from
own employment of beneficiary (and her employer) in year 1954, aRd,,,, is the pension
entitlement in year 2006. The terﬁ]l,t(aj,gj) denotes the probability that a persprof
genderg, retiring at agea, is alive in periodt .

The returns from an insurant’s contributions do metessarily end after her death, i.e. if a

surviving partner exists who is credited a widowfEnsion:> We interpret survivor pensions

1 Today’s pension entitlements are reduced by 0r8epe per month of early retirement.

12 Even if future replacement rates decline, it iggunlikely that futurenominal pension entitlements will fall.

3 The variable FMSD from the fix part of the VVL dhise allows a distinction between non-married and
widowed as well as between married and re-marrégkficiaries.
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as a further but risky return component on bersfies’ pension contribution¥. The

expected value of the survivor pension is derivethgi the joint probabilities from Section

2.2. LetW,, be the survivor pension being paid jits partnerk, then equation (5) becomes

2005

(52) 2 By (1+i))*'= %ﬁﬂ R Pu(a.g)+ W,t( R, ,Y)~Qj,t(aj g,)]/( 1+ij)t_2005}

t=1954 t=200
with Q;, indicating the joint probability that an insuramith characteristic#aj,gj) in year
t is dead whereas the married partner is still allee level of the survivor pension depends

onj’s pension entitlement and several socio-econommacacteristics of the partner, captured
by the vectory, : the partner's own pension entitlement, age, hesthitus, etc. Unfortunately,

CIB does not provide information on the partnertgarmacteristics. We assume that the
surviving partner always receives a “large” widory(pension and that the corresponding
income equals the mean pension entitlement of aiedabeneficiary of the same gender.
According to SSC VI, any Euro of a survivor’s inoemxceeding a threshold amount of 26.4
times the current pension level reduces the sunpension by € 0.40. As “large” widow(er)
pensions are granted if the surviving partner bashed the age of 47 and all insurants in the
working sample are of age 60 or older, using “largelow(er) pensions in the computations

should be an appropriate procedure.

4 Sample description

Table 1 provides the sample composition. The sarspl@bout equally split in male and
female beneficiaries. About three out of four béanefies are married or re-married. The
average age at retirement is about 63 years witdlynany difference between male and
female beneficiaries. Accordingly, compared to afecial retirement age of 65 years in year
2005, the average beneficiary retires about twasyearlier. Indeed, as can be seen from
Figure 4, a substantial fraction of the working pemalready retires around the age of 60
years.

Table 2 illustrates the sample composition by tgpeold-age pension. Most beneficiaries
receive an old-age retirement pension according S8C VI 835, a so-called
“Regelaltersrente”. Entitlement to “Regelaltersegntrequires that a beneficiary has
completed her 6% life year, and has been insured for a specifietjperiod (the so-called
“Wartezeit”). Other beneficiaries in the sampleeige an unemployment or part time work

4 Orphans’ pensions (see SSC VI §48) or child-rgispensions (see SSC VI §47) cannot be modeled
adequately and are not considered in our calculgtio
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old-age pension. Such an old-age pension is crediteoeneficiaries of age 60 or older in
case of unemployment or part time employment arotidement (see SSC VI 8237 for
details). For female beneficiaries further regolasi may apply (SSC VI §237a). Altogether
4,241 female beneficiaries are entitled to old-pgasions according to SSC VI §237 and
§237a.

Specific regulations also apply to handicappedgrersA handicapped person is granted an
old-age pension after having completed héf g&ar of life if she can claim a “Wartezeit” of
at least 35 yearS Altogether, 2,151 beneficiaries are entitled tahswa pension, the
predominant fraction of them being male. Finallyd-age pensions for long-term insured
persons (“Altersrente fur langjahrig Versichert85C VI 836) are granted to beneficiaries of
age 62 to 65 years with a “Wartezeit” of 35 yeahdth 1,888 out of 2,161 cases, male
beneficiaries constitute the dominant part of thib-sample.

Gender-specific distributions of remuneration peiatcumulated over their lifetimes can be
taken from Figure 5. It is transparent that maledfbeiaries, on average, accrue more
remuneration points and hence are entitled to higlenual pensions than female
beneficiaries. As can be taken from Figure 6, nodshe difference can be explained by the
fact that male beneficiaries typically have longentribution periods compared to female
beneficiaries. Yet, also the composition of the waeration points is gender-specifitAs
outlined above, remuneration points can be gaimnech fown contribution periods but also
from non-contribution periods. Table 3 gives tharsls of remuneration points accrued
during periods when no own contributions were mdde.average, about 15 percent of a
beneficiary’s remuneration points stem from nontdbation periods, and about 85 percent
result from own contribution periods. The fractiami remuneration points from non-
contribution periods is substantially higher fomfele beneficiaries (22.226 percent compared
to 7.489 percent). Particularly, remuneration pofot child raising periods and care for an ill

partner are driving this divide.

5 IRR estimates and the IRR distribution

Section 5 consists of two parts. Section 5.1 prewidescriptive statistics of the IRR and its

distribution. A regression analysis quantifying treterminants of IRR follows in Section 5.2.

15 Under specific conditions, the pension can alrdaglgranted at an age of 60 year.

16 Remuneration points from contribution-free perig¥&/L05 variable: byfhep90); remuneration pointsrfr
periods of reduced contribution (VVLO5 variable:gbyep90); additional remuneration points from pesiod
reduced contributions (VVLO5 variable: zbygme90¢muneration points for childcare (VVLO5 variable:
dvki90); additional remuneration points for childe@and care (zqegki90).
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5.1 Descriptive statistics

Table 4 presents the IRR sample means and stamgsidtions for the entire working
sample, differentiated by gender and also by tyfpeldrage pension. For example, consider
the entry in row “Standard old-age retirement pemgiSSC VI 835)” in column “Female
insurants”. It indicates that the expected aver&j® on pension contributions for female
beneficiaries receiving a standard old-age retirdrpension is 4.753 percent. We would like
to remind the reader that all IRR estimates areditimmal upon insurants’ survival until
retirement and healthy completion of employmentdnis(i.e., not being disabled). Moreover,

it is assumed future pension entitlements are fraze2008 level.

An immediate observation following from the figuiieghat female beneficiaries benefit from
an above-average expected IRR, i.e. 3.884 peraanmpared with 2.572 percent for male
beneficiaries. The difference in gender-specifierage IRR can be explained by a longer
payoff phase for females resulting from a highés-éixpectancy. Another reason is that
particularly females benefit from remuneration peicredited in non-contribution periods for
childcare, etc. By type of old-age pension, recifseof a standard old-age retirement pension
benefit from a particularly high IRR. The regressianalysis following in Section 5.2

investigates these and other relationships in rdetail.

Figures 7 and 8 complement the information provigked@able 4 by IRR histograms. In each
graph, the horizontal axis gives IRR, and the waltiaxis the relative frequency of
beneficiaries with a respective IRR level. Figurerdvides the gender-specific information
for the full sample, and Figure 8 provides IRR dggams by type of old-age pension. Black

bars always relate to female beneficiaries, greg ttamale beneficiaries.

Figure 7 suggests that IRR distributions are higlggder-specific. For male beneficiaries, the
distribution looks lognormal with a peak slightlyave two percent and a fatter right than left
tail. For female beneficiaries, the distributionaisout uniformly distributed between 2.0 and
4.5 percent, and it possesses a fatter rightHa&tograms by pension-type in Figure 8 support
the impression of systematic gender-specific diffiees even after controlling for the type of
pension. Most pronounced, is the difference in $$@35-related pensions. Here the shape
is uniform for female beneficiaries with a pealaatIRR level of about 4.5 percent. For male
insurants, the distribution has two peaks, onandR& level of about 2.0 percent and another

around 4.0 percent. The graph for 8237a pensiapiests contains only one histogram. The
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reason is that only female insurants are credi3¥8 pensions. The peak of the histogram is
at an IRR level of around 2.5 percent.

5.2 Regression analysis

The subsequent regression analysis is performedworpurposes. First, it quantifies how
insurants’ individual characteristics and PAYG swstinherent regulations affect IRR.
Second, it sheds light on whether such regulatimve similar effects on the IRR of female

and male beneficiaries after controlling for indiwval characteristics.

The regression model is
(6) ii=a+) B.-s,+{-ARP +> 5,-D,  +¢-Partner, + p-AAge, +¢,.
r p

The left-hand variable, is the nominal internal rate of return for beniefig j in percent.

The parametex denotes the regression constant. The variablegives the share of

remuneration points of type, excluding the share of remuneration points fromno

contributions to avoid multi-collinearity. As remenation points from own contributions are
excluded from the regressio, should be positive for non-contribution periodsemwh

remuneration points are credited as a result dfiipeegulations, e.g. childcaré.To assess
RP.
how earnings capacity affects IRR, we further idelihe variableARP, =R=PJ' It reveals

how much, in relative terms, the total sum of resration points from own contributions,
RP , deviates from the sample me&P. If £ >0 (£ <0), IRR is positively (negatively)

related with earnings capacity and the system lentailifetime regressive (progressive)

element.D, , is a dummy variable. It takes the value 1 if bem&fy j receives an old-age
pension according to paragraph(other than SSC VI 835 which serves as the refefen
Hence, parametes, captures IRR differences across different typesldfage pensions.
Partner; is a dummy indicating the marital status of theumant. It is set equal to one if the

insurant is married and zero else. Due to surypesions, we should expect the respective

regression coefficienp to be positive. The variabléAge, gives the difference between the

official retirement age and insurants’ age at estient, so thap captures the effect of early

" See also Sinn (2004), and Cigno et al. (2003)Heresulting incentive effects.
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retirement on IRR® Finally, ¢; denotes the error term. In addition to a regresbiased on

the full working sample, we also run gender-specifegressions and apply® tests to

investigate whether the right hand side variabkegehthe same effects for male and female
insurants.

The regression results are provided in Table Sustéd coefficients of determination suggest
that the regression models capture heterogeneitRsatisfactorily well. F statistics reject
the null-hypothesis that all the regression cogdfits (excluding the constant) are zero.

Concerning the composition of remuneration poirgsjuneration points from childcare and
care have a particularly positive impact on IRRe T#f test statistic indicates that the effect

is more pronounced for females (at 10 percent fsigmce level). Moreover, such
remuneration points are typically accumulated hydke beneficiaries, contributing to the
gender divide in IRR observed in Section 5.1. fer full sample, the regression coefficient
pertaining to the share of additional/credited reeration points for childcare has no
significant effect. For the male sub-sample, it Aasrong and negative effect. However, the
result should not be overrated: only eight maleurasts are credited additional/credited
remuneration points, and the share of such remtioergoints in the total sum of
remuneration points for the eight insurants is ejldw (ranging between 0.204 and 0.341
percent). The regression coefficient for the “shafreemuneration points from contribution-
free periods” exhibits a negative sign for all threamples. The effect of contribution-free
periods on IRR is quantitatively stronger for feesa(at five percent level). Contribution-free
periods include periods when no own contributioasehbeen made for reasons not in the
responsibility of the insurant (so-called “Ersaim@’). Particularly, such periods include war
captivity and prosecution during Nazi dictatorsi@mntribution-free periods also encompass
none-insured periods due to sickness, maternity wremployment (so-called
“Anrechungszeiten”). IRR decreases in the “sharer@huneration points from such
contribution-free periods,” and the effect is sgen for female insurants. The “share of
remuneration points from periods of reduced cootiims” rises IRR, at least for male
insurants. For female insurants, the effect iggméicant. Periods of reduced contributions are
a mixture of own-contribution periods and “Anrechgazeiten”, for example, a month where

an insurant is working part-time and simultaneouslgnrolled as a student. If, during such

8 The expected life expectancy of the partner afterbeneficiary’s death and the beneficiary’s éif@ectancy
after retirement are highly correlated. The san@iepto the difference between official retiremage and the
beneficiary’s age at retirement. To avoid problemhmulti-collinearity, we refrained from includirtge retiree’s
life expectancy in the regression.
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periods, remuneration points from own contributiofadl below a specific threshold,
additional remuneration points are granted (see $8BC8 71, para. 2). The effect is
particularly strong for male insurants. The “shafeadditional remuneration points from
periods of reduced contributions” also has a pasigffect on IRR. Again, the effect is more

pronounced for male compared to female insurants.

Earnings capacity, measured hiRP', turns out to be negatively related with IRR: there
contributions from own earnings an insurant hasipexl over her/his lifetime, the lower is
IRR. Interpreting IRR as an indicator of the lifex¢ redistribution, the finding indicates that
Germany’s pension system is progressive, redigtnigun favor of insurants with a lower
earnings capacity. The effect is more pronouncedni@e compared to female insurants. We
would like to remind the reader that the survivallqabilities underlying our calculations do
not differentiate with respect to income. Diffeiahimortality may weaken or even offset the
progressive effect

Via survivor pensions, the system also redistribumefavor of married insurants. Compared
with non-married beneficiaries, average IRR for tharried is significantly higher. The
longer life expectancy of females in combinatiorirwihe positive age difference between
husbands and spouses explain why the effect is rposeounced for male insurants

(regression coefficients of 0.456 for male and 6.1@r female insurants, and a highly
significant y? statistic).
Early retiring beneficiaries receive below-averagéurns reflecting regulations punishing

early retirement (for the role of early retiremenmt returns on pension contributions see also
Borsch-Supan, 2000, and references cited therdis).indicated by an insignificant?

statistic, the impact of such regulations is theedor male and female insurants.

Concerning the set of dummy variables distinguighigtirees by type of pension, full sample
estimates indicate no differences in IRR for §3trees, our reference group, 836 and §237
retirees. However, recipients of a old-age pensfonsiandicapped persons (SSC VI, 837)
benefit from a slightly higher IRR, while the opfiesis true for females receiving a §237a
pension. The latter finding is driven by the falshtt female §237a-pension recipients, on
average, retire 2.893 years earlier than femaleamgs falling into another pension category.

19 Empirical evidence on the quantitative impact médme-differentiated mortality on the progressis=nef
Social Security is mixed. For an overview see Liabr2001).
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Finally, the regression constant is the same forafe and male insurants. After controlling
for all the right-hand side variables, regressidosnot indicate IRR of male and female

insurants to be different.

6 Implications

To get a better idea about what an average IRR30p&cent means, it may be interesting to
compare this number to the returns of a risk-fregea We have chosen German Federal
Treasury notes (with a seven-year life) as a beacknBetween years 1969 and 2005, the
average rate of return on such notes was 6.31 qeméough rates of return are lower from
year 2000 and on. This can be seen from Figurapttovides time series of rates of return
on seven-year life German Federal Treasury notesoingly, in a world where insurants
would have had an option to invest their PAYG cittions in bonds, they had been better-
off.

Making such a direct comparison of returns is ndorea number of reasons. The PAYG
system involves a life-insurance element. In paldic there are two issues concerning the
timing of death. First, the capital stock from ame@stment in treasury notes may be exhausted
too early in case the person lives longer than eege On the contrary, the PAYG system
covers the insurant until the random date of deEttle. second issue about the timing of death
is that the insurant might die “too young”, evennpgears before retirement age. Then the
PAYG system can serve, via survivor pensions, agrance for the surviving partner (or
children). Such a risk is not insured by an investtrin treasury notes. Via pensions for the
disabled, the PAYG system also provides insuram@ase of reduced earning capacity. Risk-
averse insurants may be reluctant to accept a lotvstable rate of return on PAYG
contributions rather than higher yet more volatdirns on bonds. Another aspect is that it is
not ruled out that capital markets are affectedobgulation ageing, too (with some delay).
The asset market meltdown hypothesis predicts wWan the baby boomers retire, they will
sell bonds and stocks and this will negatively cffine value of such assets (see Poterba,
2001). Then returns on assets in the past are apimistic predictor for their future returns.
Also, the recent turbulence in financial marketdicates that even conservative saving plans
do not assure that saving wealth will be enougbaty for an adequate living standard during

retirement.

To better understand the meaning of our IRR esémdtis also interesting to examine the

specific macro-economic conditions in the contiitsutphase of the 2005 retirees and the
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actual conditions when the entitlements must banibed by today’s contributors. For this
reason, Figure 10 depicts the long-run trends wérsé macroeconomic variables since the
early/mid 1950s. Our working sample experienceraylphase with low unemployment

rates, particularly in the 1950s until the early@9. Also labor productivity and wage growth
have been quite high particularly in the earliearge yet slowing down over the observation
period. Particularly in the early years, a huge gagender-specific labor force participation

rates existed, but the gap continuously narroweav birth rates together with a rising life

expectancy doubled the dependency ratio from abh6upercent in year 1950 to about 32
percent in the late 2000. Compared to the lateioger inflation rates have been relatively
high in the 1970s and in the early years aftericamtion.

Particularly the upward trend in the dependendyp fauits “stress” on the PAYG system. The
higher the dependency ratio, the more retireessipanentitlements each actual contributor
needs to finance. Ensuring a positive IRR for taslajderly may result in higher contribution
rates for today’'s active generation and/or requirgher tax-financed transfers thereby
shedding doubts on the sustainability and econattiactiveness of the system for later
generations. Nevertheless, only recently the Gergavernment has passed a law that
nominal pension entitlements of today’s pensiomalisnever decline, most likely resulting in
higher contribution rates in the next years. Acowgly, our scenario with inter-temporally
constant nominal pension entitlements may be a geodhmark for the actual IRR levels for
the birth cohort 1940 to 1945.

Low inflation rates and low nominal wage growthr@cent years tend to lower average IRR.
Given that inflation rates remain at a low levelture pensioner generations, ceteris paribus,
are likely to realize lower nominal returns on thgension investments than the birth cohorts
investigated in the present paper. If inflationesasystematically change over time, a fair

profitability comparison, however, requires an IRIRasurement in real terms.

The decline in fertility together with the risefeimale labor supply will have implications for
the IRR distribution of future pensioner cohortstiBtrends are likely to reduce the length of
non-contribution periods of female insurants, ahid should translate into lower IRR for
future female pensioner cohorts. Accordingly, itlikely that the gender divide in IRR
becomes lower in the next decades. Converging {fvoe participation rates of females and

males should work in the same direction.
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Finally, given the political will to guarantee ammnal living standard for pensioners together
with rising unemployment rates and discontinuousplegment biographies, more
redistribution will be required in the future. Agwision of the funds via higher PAYG
contributions or lower returns, ceteris paribudsgurther pressure on the returns of insurants
whose pension exceeds the legal minimum. An alteedinancing via taxes results in a
higher tax burden for particular economic groupfoothe entire economy. If the sum of total
earnings is negatively affected by such a poliogngion cuts and lower IRR for future

cohorts are likely.

7 Concluding remarks

Based on real-life employment biographies for GerrRAYG pension insurants retiring in
year 2005, the present paper has provided thehdistm of intra-cohort internal rates of
return on pension contributions. Such informatidvowdd be particularly useful to policy
makers who want to understand the intra-cohortstedutive effects of Bismarck-type
pension systems.

Under the conservative assumption that nominatéupension entitlements are frozen at year
2008 level, we find that the expected average nahiimiernal rate of return is slightly above
three percent. Differences in life expectancy, @ capacity, marital status and other socio-
economic characteristics, however, translate imibstantial differences in IRR across
insurants. Our findings suggest that the Germarsipansystem, at least within the cohort
retiring in 2005, redistributes towards female nasiis (due to a higher life expectancy),
married insurants (due to survivor pensions), anehtds insurants with children (as periods
of child-care are credited in the German pensicstesy). Moreover, it turns out that the
system is intra-cohort progressive, as indicatedabyegative correlation between rates of
return and lifetime earnings-capacity.

Finally, some words on the limitations of our ams#édy First, our IRR estimates are
conditional upon reaching retirement age. Insurdetsasing earlier are not included in our
calculations. The fraction of the population na@aieing retirement age is about 15 percent for
male and eight percent of female insurants. Ifur@igor pension is granted, the de-facto IRR
of these insurants is minus infinity (positive istrents but zero returns). Second, insurants
with East German employment biographies are notuded in our working sample.
Germany’s pension system, however, grants pensititheenents to people with East German

employment biographies. As we see no sensible wagohvert Mark, the currency in the
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former GDR to Euro, we have excluded these insareiotm the analysis. Third, the working
sample exclusively consists of old-age pension&ecsordingly, our estimates do not reflect
that the system redistributes resources to redgpiefh a pension of limited duration paid
during a period of a serious illness. The inclusibrsuch benefits may affect both level and
patterns of intra-cohort redistribution. FinallgetIRR estimates do not reflect that billions of
taxes are spent to stabilize the system year by ged that pensioners bear part of the tax
burden. In year 1990, taxes in the amount of € 20.Billion have been transferred to
stabilize the system. Until 2008, the amount hasentban tripled to € 78.615 Billion (see
German Pension Insurance, 2009, p. 221).
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Figure 1. Survival probabilities by age cohort.
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German Federal Statistical Office (2007).
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Statistical Office (2009).



Table 1. Socio-demographics of the sample

Full sample Male Female
Number of beneficiaries 21,509 10,209 11,300
Numb_e_r of non-married or widowed 4.835 1,858 2977
beneficiaries
Number of (re)married beneficiaries 16,674 8,351 328,
Age at retirement 63.151 63.003 63.284
(1.989) (1.882) (2.071)

Note. Standard deviation in parentheses. Database i2Q0B.

Table 2. Number of beneficiaries by type of pension

LEAT  Full sample Male Female
Old age retirement pension (SSC VI § 35) 16 9,575 3,478 6,097
Old age pension long-term insured persons
(SSC VI § 36) 63 2,161 1,888 273
§Olg7r;1ge pension handicapped persons (SSC VI62 2151 1,462 639
Old age pension in case of early
retirement/unemployment (SSC VI § 237) o 3,652 3,381 21
Specific old age pension, female (SSC VI § 18 3.970 3.970

237a)

Note. Column ‘LEAT’ gives the value of the variable LEAWhich defines the corresponding type of
pension. SSC VI denotes Social Security Code Boolodtabase is CIB 2005.

Table 3. Composition of remuneration points

Percentage of remuneration points from Full sample Male Female
Contribution periods 84.711 92.486 77.686
P (12.705) (5.538) (13.068)
Non-contribution periods 15.289 7.514 22.314
P (12.605) (5.538) (13.068)
Non-contribution periods in detail
I . 1.730 1.350 2.073
Contribution free periods (2.553) (2.378) (2.656)
o . 5.175 3.916 6.312
Reduced contribution periods (5.177) (4.731) (5.298)
I . " 1.789 2.123 1.258
Reduced contribution periods (additional) (1.933) (1.576) (1.975)
Child care and care 6.588 0.128 12.429
(10.125) (5.254) (10.981)
- . . 0.007 0.001 0.013
Additional/credited Child care and care (0.148) (0.053) (0.198)

Note. Standard deviation in parentheses. SSC VI derg8ueml Security Code Book
VI. Database is CIB 2005.



Table 4. Rates of return by type of pension

Full sample Male insurants Female insurants

All considered types of pensions 3.261 2.572 3.884

(1.636) (0.839) (2.910)
Standard old age retirement pension 4.177 3.167 4.753
(SSC VI § 35) (1.896) (0.967) (2.048)
Old age pension long-term insured 2.485 2.293 3.816
persons (SSC VI § 36) (0.854) (0.510) (1.393)
Old age pension handicapped persons 2.636 2.494 2.936
(SSC VI § 37) (0.715) (0.498) (0.968)
Old age pension in case of early 2.180 2.149 2.571
Eg“srgn\"ﬁrg/ ;g%mp'oyme”t (0.588) (0.544) (0.900)
Specific old age pension, female (SSC VI 2.807 2.807
§ 237a) (1.000) (1.000)

Note. Standard deviation in parentheses. SSC VI der8ieml Security Code Book VI. Database is CIB 2005.



Table5. Results from regression analysis

Gender
Full sample Male insurants Female insurantscomparison
Chi-square
Variable Coef. t stat. Coef. t stat. Coef. t stat. test
Share of remuneration points from  -2.353 -1.256 -2.860 ox .
contribution-free periods (0.281) -8.39 (0.210) -5.98 (0.471) -6.07 4.34
Share of remuneration points from  1.483 o 4557 " 0.047 .
periods of reduced contributions (0.158) 9.3 (0.133) 34.15 (0.252) 0.19 172.95
Share of additional remuneration 2.177 ; 4.372 g 2.426 s ¢
oints from periods of reduced 557" 12.197 4.07" 9.76"
D bUtOns (0.391) (0.359) (0.596)
Share of remuneration points for 8.668 " 7.360 " 9.927 o
childcare and care (0.087) 99.44 (0.285) 25.83 (0.153) 65.02 2.93
Share of additional/credited -6.514 -63.671 -3.809 i
remuneration points for childcare -1.38 -6.83" -0.61 1011
dome P (4.723) (9.320) (6.232)
. . -0.581 wt -0.624 - -0.464 r "
Earnings capacity (0.017) -35.07 (0.010) -60.72 (0.046) -10.14 14.84
. 0.260 - 0.456 ot 0.126 r o
Dummy for married partner (0.017) 15.44 (0.013) 35.39 0.028) 4.45 116.21
Difference between official -0.109 -0.088 -0.098
retirement age and own age at time -15.25" -18.72" 7127 0.80
jriviiatobes g (0.007) (0.005) (0.014)
-0.018 -0.066 ot 0.101
Dummy SSC VI Paragraph 36 (0.031) -0.58 (0.018) -3.58 0.085) 1.19 3.95
0.243 0.224 0.078 "
Dummy SSC VI Paragraph 37 (0.039) 6.22 (0.024) 9.20 (0.082) 0.96 5.17
-0.006 -0.074 -0.300
Dummy SSC VI Paragraph 237 (0.035) -0.16 (0.021) -3.58 (0.102) -2.93 9.49
-0.288 r -0.215 .
Dummy SSC VI Paragraph 237a (0.032) -8.90 (0.059) -3.65
3.216 - 3.006 ot 3.093 o
Constant (0.029) 112.72 (0.021) 140.51 (0.056) 55.69 1.59
F statistic 2,813.02 1,724.58 1,077.83
Adjusted R-squared 0.611 0.650 0.533

Note. Three stars denote significance at the 1 pereeet;|two stars at the five percent level; one atahe ten percent level. Standard
errors in parentheses. SSC VI denotes Social $g@oile Book VI. Database GIB 2005



