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Summary

This thesis comprises three chapters on the effects of pension policies. The thesis starts
with a theoretical chapter on the social welfare effects of fully-funded pensions in a model
with accidental bequests. The second chapter offers a quantitative assessment of retirement
reforms designed to achieve fiscal sustainability in the face of population ageing. The third
chapter is empirical and documents the loss of redistribution in Danish public pensions when

accounting for inequality in longevity.

Chapter I

The first chapter, entitled Social Welfare Effects of Annuitization: The Case of Accidental
Bequests, is motivated by the trend among OECD countries to adopt fully-funded pensions
to mandate saving in annuities. Against this background, I study the social welfare effects
of saving in annuities in a small open model economy populated by two-period lived overlap-
ping generations of families that are not altruistically linked. Annuities diversify longevity
risk and offer an above-market return to survivors. Therefore, it is privately optimal to
fully annuitize savings. On the other hand, increased saving in annuities reduces bequests
left and received in equilibrium. These bequests represent transfers from the old to the
young, for which there is a welfare case in a dynamically efficient economy. Consequently,
full annuitization may not be socially optimal. I find that there exists a critical interest-rate
threshold beyond which the costs associated with reducing accidental bequests (i.e., income
received by the young) outweigh the aforementioned benefits of annuitization. When inter-
est rates fall below this threshold, governments can achieve socially optimal allocations by
directly mandating an interior share of savings to be invested in annuities. A government
that instead chooses to mandate saving in annuities through fully-funded pensions cannot
attain the same outcome, even when annuity markets are absent. Furthermore, I show that
the social welfare implications of fully-funded pensions depend crucially on the distribution
of accidental bequests. When accidental bequests are equally redistributed, fully-funded
pensions can only improve social welfare if they are large enough to make agents borrow-
ing constrained. However, if bequests are tied to families, fully-funded pensions can have

positive social welfare effects, even when agents are not borrowing-constrained.
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Chapter 11

The second chapter, entitled Population Aging, Public Finances, and Alternatives for Retire-
ment Reform, is written in collaboration with Frederik Bjgrn Christensen. It is motivated by
population ageing, which puts fiscal pressure on the pension systems of advanced economies.
Given this context, we conduct counterfactual policy analysis to compare different retire-
ment reforms designed to restore fiscal sustainability in the face of increasing longevity and
decreasing fertility. As our main contribution, we consider a particular reform that uses
fully-funded contributions as a means of lowering pay-as-you-go (PAYG) benefits indirectly
through means testing. We compare this reform to three standard reforms: Increasing the
retirement age, cutting public benefits, and raising taxes to finance increasing public pension
expenditures. For the policy analysis, we develop a sophisticated structural life-cycle model
incorporating a pension system with two pillars: a public PAYG scheme and a mandatory
fully-funded scheme, which interact through means testing. Using the Simulated Method
of Moments, we estimate all unobserved preference parameters by targeting Danish micro
data on wealth and labour force participation over the life cycle. Our subsequent policy
experiments show that increasing contributions to mandatory fully-funded pensions yields
the highest welfare. Welfare gains arise because the fully-funded scheme gives access to
otherwise missing fair annuities that insure against longevity risk and offer an above-market
return to survivors. As a result, agents experience a positive wealth effect, which allows
them to consume more and enjoy more leisure. Moreover, the expansion of the FF scheme
limits the role of the return-dominated PAYG scheme. These positive welfare effects out-
weigh two negative effects related to the loss of income insurance through the public PAYG

scheme and a crowding out of bequest income in equilibrium.

Chapter 111

The third chapter, entitled Redistribution in Public Pension Schemes: FEvidence from Den-
mark, also written with Frederik Bjgrn Christensen, uses 41 years of register data and a
microsimulation model to quantify how systematic inequality longevity limits redistribution
in Danish public pensions. Our main contribution is to document redistribution among
socioeconomic groups that are based on a so-called afluence measure. This measure is new
to the literature on redistribution in public pensions and social security and combines in-
come and wealth information to allocate individuals into socioeconomic groups. Using the
affluence measure, we first estimate significant differences in mortality across these socioe-
conomic groups. Subsequently, we assess the extent of redistribution in the public pension
system by computing and comparing the expected net present values of the implicit public
pension contracts. To this end, we use full-population register data, which allows us to

precisely estimate mortality rates and track a wide range of covariates over the individual
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life cycle. We focus on recently retired cohorts, for whom we employ a microsimulation that
accounts for detailed tax and pension system components and takes historical and projected
income and wealth data as inputs. Our analysis reveals a substantial loss of redistribution
within the public pension system due to inequality in longevity. Notably, we find that the
net present value of the implicit pension contract develops non-monotonically with affluence
such that males in the middle affluence groups benefit more than the least affluent males.
Meanwhile, only the top 30% of males have lower net present values than the least afflu-
ent males. Furthermore, females of specific afluence rank exhibit significantly higher net
present values than similarly ranked males. An interesting finding also is that the affluence
allocation mechanism matters for the estimated redistribution loss. When we conduct the
same experiment using information on lagged income only, the observed redistribution loss
due to inequality in longevity is smaller. Thus, the results of other papers that use alloca-
tion by income or education and report relatively small redistribution losses would likely be

different had they used a more informative allocation mechanism.






Resumé

Denne afthandling bestar af tre kapitler om effekterne af pensionsreformer. Afhandlingen
starter med et teoretisk kapitel om de samfundsmaessige velfzerdseffekter af opsparings-
baserede pensioner i en model med utilsigtet arv. Det andet kapitel giver en kvantitativ
vurdering af pensionsreformer, der er designet til at opna finansiel holdbarhed i lyset af
befolkningsaldring. Det tredje kapitel er empirisk og kvantificerer omfanget af omfordeling

i den offentlige del af det danske pensionssystem, nar der tages hgjde for ulighed i levetid.

Kapitel 1

Det fgrste kapitel, med titlen Social Welfare Effects of Annuitization: The Case of Accidental
Bequests, er motiveret af tendensen blandt OECD-landene til at indfgre opsparingsbaserede
pensionsordninger. Pa den baggrund undersgger jeg de sociale velfeerdseffekter af at spare
op i livrenter i en lille aben, to-periode gkonomi med overlappende generationer af fam-
ilier, der ikke er altruistisk forbundet. Pa den ene side saenker livrenter levetidsrisikoen,
og det er derfor individuelt optimalt at lade hele opsparingen besta af livrenter. Pa den
anden side reducerer gget opsparing i livrenter den arv, der overfgres fra de eldre til de
unge. I en gkonomi, som er dynamisk efficient, vil der veere et velfeerdsargument for en
sadan overfgrsel, men fuld annuitisering vil ikke altid samfundsmaessigt optimal. Jeg finder,
at der eksisterer et kritisk renteniveau, hvor omkostningerne forbundet med at reducere
den utilsigtede arv (dvs. indkomst modtaget af de unge) opvejer de fgrnaevnte fordele ved
annuitisering. Nar renten falder under dette niveau, kan regeringer opna socialt optimale
fordelinger ved at bestemme andelen af opsparingen investeret i livrenter. En regering, der i
stedet veelger at gennemtrumfe opsparing i livrenter gennem opsparingsbaserede pensioner,
kan ikke opna det samme resultat, selv nar der ikke findes markeder for livrenter. Desu-
den viser jeg, at de sociale velfeerdsimplikationer af opsparingsbaserede pensioner afheenger
kritisk af fordelingen af utilsigtet arv. Nar utilsigtet arv omfordeles ligeligt, kan opsparings-
baserede pensioner kun forbedre den sociale velfeerd, hvis bidragene er store nok til at ggre
agenterne lanebegraensede. Men hvis arv er bundet op pa familier, kan opsparingsbaserede

pensioner have positive sociale velfeerdseffekter, selv nar agenterne ikke er lanebegraensede.

vii



Kapitel 11

Det andet kapitel, med titlen Population Aging, Public Finances, and Alternatives for Re-
tirement Reform, er skrevet sammen med Frederik Bjgrn Christensen. Det er motiveret
af befolkningsaldring, som laegger et finansielt pres pa pensionssystemerne i avancerede
gkonomier. I denne sammenhaeng gennemfgrer vi en kontrafaktisk analyse for at sammen-
ligne forskellige pensionsreformer, der er designet til at genoprette den finansielle beeredygtighed
givet stigende levetid og faldende fertilitet. Som vores vigtigste bidrag betragter vi en
bestemt reform, der bruger opsparingsbaserede bidrag som et middel til at seenke pay-as-
you-go (PAYG) ydelser indirekte gennem behovsvurderinger. Vi sammenligner denne re-
form med tre andre reformer: Forhgjelse af pensionsalderen, reduktion af offentlige ydelser
og skattestigninger for at finansiere voksende offentlige pensionsudgifter. Til den politiske
analyse udvikler vi en avanceret strukturel livscyklusmodel, der indbefatter et pensionssys-
tem med to sgjler: en offentlig PAY G-ordning og en obligatorisk, opsparingsbaseret ordning,
som interagerer gennem behovsvurdering. Ved hjeelp af den sakaldte Simulated Method
of Moments estimerer vi alle ikke-observerede preeferenceparametre ved at matche danske
mikrodata om formue og arbejdsmarkedsdeltagelse over hele livsforlgbet. Vores efterfglgende
politiske eksperimenter viser, at ggede bidrag til obligatoriske opsparingsbaserede pensioner
giver den hgjeste velferd. Velfeerdsgevinsten opstar, fordi den opsparingsbaserede ordning
giver adgang til ellers fraveerende retfeerdige livrenter, der forsikrer mod levetidsrisiko og
giver et afkast over markedet. Som et resultat oplever agenterne en positiv velstandseffekt,
som giver dem mulighed for at forbruge mere og nyde mere fritid. Desuden begraenser
udvidelsen af den opsparingsbaserede ordning den afkastdominerede PAY G-ordnings rolle.
Disse positive velfeerdseffekter opvejer to negative effekter relateret til tabet af indkomstfor-

sikring gennem den offentlige PAY G-ordning og en fortraengning af arveindkomst i ligevaegt.

Kapitel 111

Det tredje kapitel med titlen Redistribution in Public Pension Schemes: Fuidence from Den-
mark, som ogsa er skrevet sammen med Frederik Bjorn Christensen, baserer sig pa 41 ars
registerdata og bruger en mikrosimuleringsmodel til at kvantificere, hvordan systematisk
ulighed i levetid begraenser omfordelingen i det offentlige, danske pensionssystem. Vores
vigtigste bidrag er at dokumentere omfordelingen mellem sociogkonomiske grupper baseret
pa et sakaldt velstandsmal. Dette mal er nyt i litteraturen om omfordeling i offentlige
pensioner og social sikring og kombinerer indkomst- og formueoplysninger for at opdele
individer i sociogkonomiske grupper. Ved hjzlp af velstandsmalet estimerer vi forst sig-
nifikante forskelle i dgdelighed pa tveers af de sociogkonomiske grupper. Dernaest vurderer
vi omfanget af omfordeling i det offentlige pensionssystem ved at beregne og sammenligne

de forventede nettonutidsveerdier af de implicitte offentlige pensionskontrakter. Til dette
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formal bruger vi registerdata for hele befolkningen, som giver os mulighed for preecist at es-
timere dgdeligheden samt at spore en bred vifte af kovariater over den enkeltes livscyklus. Vi
fokuserer pa nyligt pensionerede kohorter, for hvem vi anvender en mikrosimuleringsmodel
med detaljerede komponenter for skatte- og pensionssystemet, og som tager historiske og
fremskrevne indkomst- og formuedata som input. Vores analyse viser et betydeligt tab af
omfordeling inden for det offentlige pensionssystem grundet ulighed i levetid. Specielt finder
vi, at nettonutidsveerdien af den implicitte pensionskontrakt udvikler sig ikke-monotont
med velstand, sa maend i de midterste velstandsgrupper drager storre fordel end de mindst
velstaende maend. Faktisk har kun de gverste 30% af maend lavere nettonutidsveerdier end
de mindst velhavende maend. Desuden har kvinder af en bestemt velstandsklasse betydeligt
hgjere nettonutidsveerdier end maend i tilsvarende grupper. Et interessant resultat er ogsa,
at velstandsfordelingsmekanismen har betydning for det estimerede omfordelingstab. Nar
vi udfgrer det samme eksperiment ved kun at bruge information om indkomst, er det ob-
serverede omfordelingstab pa grund af ulighed i levetid mindre. Derfor ville resultaterne
fra anden forskning, der bruger fordeling efter indkomst eller uddannelse og rapporterer
relativt sma omfordelingstab, sandsynligvis veere anderledes, hvis de havde brugt en mere

informativ fordelingsmekanisme.
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Introduction

This dissertation consists of three self-contained chapters on pension policy. While each
chapter can be read independently, the topics they discuss overlap.

The first two chapters are motivated by population ageing putting budgetary pressure
on the pay-as-you-go pension schemes of advanced economies. In such schemes, mandatory
contributions from current workers finance retirees’ benefits. Therefore, as expected lifetime
increases and birth rates decline, governments increasingly struggle to guarantee adequate
old-age benefits while maintaining sustainable finances. Governments have addressed this
challenge by raising the statutory retirement age, increasing contributions, and lowering
benefits. Moreover, some advanced economies are undertaking a fourth reform. This reform
involves a shift from a dominant pay-as-you-go pension system towards a more balanced
multi-pillar system, which includes a mandatory fully-funded pension scheme. In a fully-
funded scheme, workers contribute to an individual market-based account, which can be
annuitized or withdrawn as a lump sum at retirement. In this context, the OECD (2021)
reports that out of 54 countries under surveillance, 20 have adopted such mandatory fully-
funded defined contribution schemes.

Against this background, Chapter 1 studies the social welfare implication of annuitization
of retirement savings through mandated fully-funded pension schemes. For the analysis, the
chapter utilizes an analytically tractable overlapping generations model with non-altruistic
families that face longevity risk. On the one hand, annuities are desirable because they
offer longevity risk insurance and an above-market return to survivors. On the other hand,
increased annuitization reduces accidental bequests left and received in equilibrium. These
bequests constitute transfers from the old to the young, for which there is a welfare case
in a dynamically efficient economy where the market return exceeds the economy’s growth
rate. Therefore, while it is privately optimal to annuitize all retirement savings, I show that
this is excessive from a social welfare perspective.

Governments can implement socially optimal allocations by requiring agents to save
exclusively in a portfolio with a pre-determined interior share invested in annuities. Gov-
ernments that instead mandate annuities through fully-funded pensions cannot achieve the
same. [ prove this holds even when annuity markets are missing, and agents cannot undo
the policy by borrowing against future pension benefits. This result comes about as fully-
funded pensions only affect lifetime income but not the inter-temporal trade-offs because
the pension benefits are lump-sum payments. Furthermore, I show that under the popular
equal-bequest assumption and missing annuity markets, fully-funded pensions can only im-
prove social welfare if they are large enough to push agents to their borrowing constraint.
However, under the assumption of an unequal bequest distribution, which under the veil

of ignorance, implies bequest income risk, I show that fully-funded pensions can improve



social welfare even without pushing agents into the borrowing-constrained corner because
they provide insurance against bequest income risk.

The findings of Chapter 1 mainly contribute to the literature that assesses the social
welfare effects of mandated annuitization through fully-funded pensions. Most papers in
this literature, including Hubbard and Judd, 1987, Imrohoroglu et al., 1995, Conesa and
Krueger, 1999 and Hong and Rios-Rull, 2007 among others, rely on computational models.
I complement those quantitative papers by proving analytically under what conditions fully-
funded pensions positively affect social welfare. A closely related paper also based on an
analytically tractable model is Caliendo et al., 2014. This paper, however, focuses on the case
in which the economy’s growth rate equals the market return. For this special case, Caliendo
et al. (2014) show that fully-funded pensions can achieve socially optimal allocations in the
presence of a borrowing constraint. Chapter 1 proves that this is no longer true in the
empirically more relevant case of dynamic efficiency, where the market return exceeds the
economy’s growth rate.

Chapter 2 assesses which pension reform designed to achieve fiscal sustainability in the
face of an ageing population yields the best social welfare outcomes. Using counterfactual
policy analysis, it tests the three common reforms of an increase in the statutory retirement
age, a rise in contributions, and a reduction of benefits against the fourth reform of phasing
in a mandatory fully-funded pension scheme. This phase-in can also alleviate fiscal pressure
if the two pension schemes interact through means testing. That is if income from fully-
funded pensions reduces public pay-as-you-go benefits. In this context, the OECD (2021)
reports that 34 out of 38 OECD countries provide some means-tested pension benefit, which,
on average, constitute 16% of gross average earnings. While the rise of fully-funded pensions
has been studied, the interaction with the pay-as-you-go scheme through means testing has
been overlooked. Chapter 2 fills this gap.

For the analysis, Chapter 2 develops a structural 71-period overlapping-generations
model of a dynamically efficient small open economy, which is an extension of the two-
period model in Chapter 1. It additionally incorporates tax-financed public pays-as-you-go
pensions, endogenous retirement, uninsurable income risk, and large household heterogene-
ity. The novel feature of our model is that public pays-as-you-go pensions interact with fully
funded pensions through a means-testing. Furthermore, the model is estimated to Danish
micro data.

The main contribution of Chapter 2 is to show that expanding fully-funded pensions
to indirectly lower public pensions yields higher social welfare than the three remaining
reforms, which have previously been studied by De Nardi et al. (1999), Attanasio et al.
(2007), Haan and Prowse (2014), and Laun et al. (2019). Among those three reforms, the

analysis in Chapter 2 reveals that directly lowering public benefits outperforms hiking taxes



and increasing the retirement age.

Social welfare gains from the fully-funded pensions scheme mainly arise as it gives access
to otherwise missing fair annuities that offer longevity risk insurance and an above-market
return. As an additional contribution to the literature, Chapter 2 carefully accounts for the
accidental bequest channel studied in Chapter 1. Thus, the welfare gains of fully-funded
pensions are mitigated by the social welfare costs of lowering accidental left and received in
equilibrium.

Chapter 3 is motivated by another challenge that public pension scheme face, namely
systematic inequality in longevity. This inequality threatens the typically intended redis-
tribution in public pension schemes. The underlying mechanism at play is straightforward.
Multiple studies, such as those by Olshansky et al. (2012), Kitagawa and Hauser (1973),
and Chetty et al. (2016) have documented substantial socioeconomic inequality in longevity.
With a universal statutory retirement age, this implies that the advantaged socioeconomic
groups are expected to live longer on public pension benefits than others. While various
research papers have addressed this concern, much of the focus has been on redistribution in
US, where full population register data do not exist. Examples of such work include Garrett,
1995, Liebman, 2001, Whitehouse and Zaidi, 2008, Coronado et al., 2011, Auerbach et al.,
2017, and Auerbach et al., 2019.

Based on this observation, Chapter 3 uses 41 years of micro data to document a signif-
icant loss of redistribution through Danish public pensions when carefully accounting for
inequality in income and longevity. The analysis relies on a microsimulation model, which
is applied to recently retired cohorts. The main contribution of the Chapter is to use a
so-called affluence measure that combines income and wealth information to allocate indi-
viduals into socioeconomic groups. In contrast, the existing literature typically subdivides
individuals based on averages of lagged income. The results of Chapter 3 show that affiu-
ence is a stronger separator of mortality than income. Furthermore, inequality in longevity
subverts redistribution such that the worth of the implicit pension contract develops non-
monotonically with affluence. That is, the implicit pension contract is worth more to the

middle class than to the least and most affluent groups.
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Chapter 1

Social Welfare Effects of
Annuitization: The Case of

Accidental Bequests

Tim D. Maurer

Abstract

This paper studies the social welfare effects of saving in annuities in a small open
model economy populated by two-period lived overlapping generations of non-altruistic
families. On the one hand, annuities are desirable because they provide longevity risk
insurance and an above-market return to survivors. However, increased annuitization
lowers bequests left and received in equilibrium. These bequests represent transfers
from the old to the young, for which there is a welfare case in a dynamically efficient
economy. Therefore, while it is privately optimal to fully annuitize, I show that it
is not socially optimal. Governments can implement socially optimal allocations by
requiring agents to save exclusively in a portfolio with a pre-determined share invested
in annuities. Governments that instead mandate annuities through fully-funded pen-
sions cannot achieve the same. I prove that this holds even when annuity markets
are missing, and agents cannot undo the policy by borrowing against future pension
benefits. Finally, I show that fully-funded pensions become more desirable the more

unequal accidental bequests are distributed.



1.1 Introduction

A well-known result of the standard life-cycle model is that non-altruistic people facing
longevity risk should invest all their savings in annuities. The intuition behind this re-
sult established by Yaari (1965) is that lifetime annuities fully diversify the idiosyncratic
longevity risk by making payments only to survivors. Annuities, therefore, offer a higher
return than the market. Since Yaari’s seminal contribution, several papers have assessed
the individual annuity demand in less restrictive theoretical frameworks and confirm that
considerable annuitization remains privately optimal (see, e.g., Davidoff et al., 2005).

Given these theoretical predictions, Modigliani (1986) drew the attention of policymak-
ers to the so-called ”annuitization puzzle”, that is, the empirical fact that private annuity
markets are very thin. After Modigliani’s remark, numerous efforts have been made to
explain this puzzle (see, e.g., Benartzi et al., 2011). These discussions implicitly support
policies that implement high levels of annuitization. This notion, however, is based on a
benefit-only assessment and neglects the potential social costs of annuitization. In a stan-
dard life-cycle model, increased annuitization lowers accidental bequests left and received
in equilibrium. Such bequests represent transfers from the old to the young, for which there
is a welfare case in a dynamically efficient economy (see Andersen and Gestsson, 2022).
Consequently, the social welfare case for annuitization is not one-sided. It depends on how
much the costs from reduced bequest income offset the gains from longevity risk hedging
and above-market returns.

Against this background, I revisit the social welfare effects of annuitization by account-
ing for its costs and benefits. 1 am particularly interested in a cost-benefit analysis of
mandated annuitization through fully-funded pension schemes. This emphasis is motivated
by its policy relevance. Numerous governments have recently addressed budgetary pressure
within public pension schemes through reforms that involve shifting from unfunded pension
schemes with defined benefits to fully-funded pension schemes with defined contributions.
The OECD (2021) reports that out of 54 countries under surveillance, 20 have adopted
funded defined contribution pension plans.

I focus on small open economies and the empirically relevant case of dynamic efficiency

L' This constitutes

in which the market return is greater than the economy’s growth rate.
an environment for which the social welfare implications of annuitization have been un-
derstudied. I use an analytical two-period model with overlapping generations (OLG) of
non-altruistic families linked through accidental bequests. Prices in the model are exoge-
nous. Agents are rational and face longevity risk. They work in the first period and retire

in the second. Agents who die early (after the first period) may pass away with unclaimed

'For evidence supporting that most economies are dynamically efficient, see Abel et al., 1989 and
Blanchard, 2019.



private savings that are left as accidental bequests and redistributed to the young. I be-
gin by assuming that accidental bequests are anonymously and equally redistributed to the
young. Thus, I abstract from links between parents and children, an assumption motivated
by its popularity in quantitative macroeconomics using life-cycle OLG models.?

First, I show that in a dynamically efficient small open economy, an interest rate thresh-
old exists above which the saving incentives and, consequently, the costs of crowding out
bequest income become so high that they outweigh the benefits of saving in annuities. Be-
low this threshold, I show that governments can implement socially optimal allocations by
requiring agents to save exclusively in a portfolio with an interior share invested in annu-
ities. This policy allows the government to directly determine the share of savings invested
in annuities and, therefore, to improve the agents’ inter-temporal choices (Euler equation).
Mandated saving in annuities through fully-funded pensions, on the other hand, only af-
fects lifetime income but not the inter-temporal trade-offs because pension benefits are paid
lump-sum. Thus, I prove that a government that mandates annuities through fully-funded
pensions cannot achieve the social optimum even when annuity markets are missing. More-
over, I demonstrate that fully-funded pensions harm welfare as long as borrowing constraints
do not bind. However, I show that fully-funded pensions can improve social welfare at the
borrowing-constrained corner. This is because, at the corner, fully-funded pensions increase
lifetime income by mandating saving in the above-market return annuities without further
reducing bequest income.

Then, I relax the equal-bequest assumption and, instead, assume a family-tied distribu-
tion of accidental bequests by linking children to their parents. Under the veil of ignorance,
this more realistic assumption introduces individual bequest income risk, which arises due
to the stochastic death of parents and parental savings that naturally vary over the life cy-
cle. In this environment with an unequal bequest distribution, there is an additional social
welfare case for saving in annuities because it reduces bequest income risk in equilibrium.
Hence, I show that fully-funded pensions can improve social welfare under missing annuity
markets even without forcing agents into the borrowing-constrained corner. This holds as
long the interest rate is below a specific threshold that limits the desire for savings and,
thus, the costs of reducing bequests through mandated annuitization.

Related Literature. This paper is related to different strands of literature. First,
it contributes to the literature studying the individual welfare case of annuitization. A
seminal contribution by Yaari (1965) showed that full annuitization of retirement savings
is privately optimal because it eliminates survival risk from the savings decisions. Later
work has challenged this result in settings with bequest motives (see, e.g., Lockwood, 2012),

different types of risks (see, e.g., Reichling and Smetters, 2015), behavioral factors (see,

2See, e.g., Hubbard and Judd, 1987; Imrohoroglu et al., 1995; Conesa and Krueger, 1999; Huggett and
Ventura, 1999; Hong and Rios-Rull, 2007; Nishiyama and Smetters, 2007; Eggertsson et al., 2019.



e.g., Schreiber and Weber, 2016) and imperfect annuity markets (see, e.g., Finkelstein and
Poterba, 2004; Davidoff et al., 2005). Rather than focusing on individual welfare, I assess the
social welfare case of annuitization by accounting for the fact that increased annuitization
implies reduced bequests left and received in equilibrium.

Second, the paper contributes to the literature using OLG models to assess the social wel-
fare effects of mandated annuitization through unfunded and fully-funded pensions. Many
papers within this literature, including Hubbard and Judd, 1987, Imrohoroglu et al., 1995,
Conesa and Krueger, 1999, and Hong and Rios-Rull, 2007 among others, provide a quanti-
tative assessment of the usefulness of mandated lifetime annuities in closed economies with
incomplete markets and different types of risks. I complement those quantitative studies of
closed economies by illustrating analytically under what conditions fully-funded pensions
positively affect social welfare in a small open economy.

The paper closest to mine is Caliendo et al., 2014, which studies the social welfare effects
of actuarially fair fully-funded pensions in an analytical model of a small open economy.
For tractability, the authors assume that the economy’s growth rate equals the market
return. In this special case, full annuitization is privately and socially optimal because no
social costs are associated with crowding out accidental bequests. Consequently, they show
that under missing annuity markets, fully-funded pensions cannot affect social welfare if
borrowing constraints do not bind but can implement the socially optimal allocations if
they bind. I contribute by studying the empirically more relevant case of dynamic efficiency
where the market return exceeds the economy’s growth rate. In this case, I demonstrate
that fully-funded pensions harm welfare if borrowing constraints do not bind and cannot
implement the socially optimal allocations if they bind. Moreover, I show that under some
conditions, it is optimal not to annuitize any retirement savings even if mandated through
optimal policy and not through fully-funded pensions offering lump-sum transfers that do
not improve intertemporal trade-offs.

Finally, my paper relates to a small literature using computational OLG models with
family ties that introduce bequest income risk (see, e.g., De Nardi and Yang, 2014; Yang,
2013; Cottle Hunt and Caliendo, 2022). Within this literature, the paper by Cottle Hunt and
Caliendo (2022) is closely related to mine. They model family-tied bequest in a continuous
time model. Rather than focusing on the welfare effect in equilibrium, as I do, they apply
a sequential analysis to show that fully-funded social security in the US improves ex-ante
expected utility by 3.4% of lifetime consumption for the second generation after introduction.

The remainder of the paper is organised as follows. Section 1.2 presents the model and
the analysis. Within Section 1.2, Subsection 1.2.1 lays out the primitives of the model. Sub-
section 1.2.2 discusses the decision rules. Subsections 1.2.3 and 1.2.4 present the dynamics

and the equilibrium under laissez-faire. Subsection 1.2.5 discusses the socially optimal al-
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location. In Subsection 1.2.6, I study the social welfare effects of fully-funded pensions.
Finally, Section 1.3 concludes. The appendices at the end of the paper provide supporting

information.

1.2 The Model

1.2.1 Primitives

Time in the model is discrete and indexed by ¢. In each period t = 1,2, .., 00., a continuum
of identical agents with unit mass is born. The economy’s growth rate is zero as there is
no population and productivity growth. Agents can live for up to two periods indexed by
y (young) and o (old). The individual survival probability is ¢ € (0,1), which due to the
Law of Large Numbers coincides with the fraction of young surviving into old age. Agents
work and receive labor income w in the first period and retire in the second.

The standard asset in the model is a one-period riskless bond denoted a”, which pays a
gross interest rate, i.e., a market return R. The second type of asset is an annuity. I assume
that annuity markets are competitive such that annuities a” pay an actuarially fair return

of

R
RA:E>R.

The annuity return R4 is higher than the market return on bonds R because it is only

paid to those who survive to the second period.

Assumption 1: (Dynamic efficiency)
R>1

implies dynamic efficiency since there is no population and productivity growth (see Abel
et al., 1989). The prices w and R are exogenous, which amounts to assuming a small open
economy that takes the world interest rate and wage.

I assume that agents have no altruistic motives and suffer disutilities from work and
death that are constant and disregarded for simplicity. Thus, the lifetime utility of agents

born at time t is
Up = u(cf) + Bou(cf)

where ¢/ (¢7) is consumption when young (old), § is the subjective discount rate with 0 <

f < 1. The continuously differentiable utility function w (¢) fulfills all standard properties
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such as u’ (¢) > 0,u” (¢) < 0 and the Inada conditions. Furthermore, I assume that U, is
homothetic.?

The budget constraint of the young is
o =w+b — a,

where b, is the bequest income and a; represent savings that equal the sum of asset holdings
in annuities a;* and bonds af such that a; = a* +af. With a share A € [0, 1] of total savings

a; invested in annuities and a share 1 — A invested in bonds, the asset holdings are
ai = \ay
a? = (1 - a,.

This implies that the agents’ savings a; pay a gross return of

}_%:ARA+(1—/\)R:R<1—)\+%),

which reduces to the actuarially fair annuity return R* = R/ under full annuitization
(A = 1) and to the bond return R under no annuitization (A = 0). Hence, for a given \, the

budget constraint when old is

¢ = Ray

:R<1—/\+%>at.

I assume that unclaimed savings in bonds of the agents who die early are equally and
anonymously redistributed to the young as accidental bequests. Thus, accidental bequests

of young agents born at time ¢ yield
b= R(1—)aP, (1.1)
=R(A—-¢)(1—=XNa (1.2)

As mentioned in Section 1.1, this assumption of equal bequests is motivated by its popularity
in the literature but will be relaxed later in the paper.

It is important to note that under existing private annuity markets, agents can optimally
choose their share \ of savings to be invested in annuities. However, if private annuity
markets are missing, agents can only access bonds a and A = 0. In Subsection 1.2.5, I
assume that a benevolent government controls A. This implies that the government can
force agents to save exclusively in a portfolio with a pre-determined asset allocation and a
weight A\ on annuities. In what follows, I thus present the agents’ decision rules and the

model’s dynamics and equilibrium for a general A € [0, 1].

3The assumption of homothetic preferences allows me to prove the existence of a steady state. For
U = U (¥ ¢°) to be homothetic there must exist a monotonic function h : R — R and a homogeneous
function f (¢¥,¢?), so that U (c¥,¢°) = h (f (Y, c°)).
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1.2.2 Decision Rules

For a given annuity share A and bequest b;, agents born in period ¢ solve the following

problem
max Uy = u (c/) + Bpu (cf) (1.3)
s.t.
C? :w—l—bt—at (14)
¢ = Ray. (1.5)

The optimal savings level is determined by the Euler equation (first-order condition)

u' (cf) = YR (cf) (1.6)
u (w4 b — a;) = BYRu (Ray) (1.7)

For later use, note that the agents’ savings reaction to an increase in the interest rate

3at A 1 L- ¢
dac _ o (1 A ’ ¢ , 1.8
or = Y ( " w) D L (&) + BT () .

reads

a
Thus, — > 0 holds when the relative risk aversion is less or equal to one

Assumption 2: (Relative risk aversion)

<1,

which is a condition that is standard in the literature (see, e.g., Andersen and Bhattacharya,
2013). Henceforth, I assume that this condition holds.*

1.2.3 Dynamics and Equilibrium

The homotheticity of U; implies that consumption and saving scales proportionally in wealth
W, (see Simon, Blume, et al., 1994), which is defined by the net present value of lifetime
income and equals

Wi = w + by.

Consequently, there exists a share pu* (R, 3,1, 0, \) = p* of wealth W, that is spent
on ¢¥ such that the allocation |/ = p*Wy,af = (1 — p*) Wy, & = (1 — p*) RW,| solves the

4Note that Assumption 2 implies that the substitution effect of an increase in R, which increases the
reward to saving, dominates the income effect that decreases the savings needed to reach a given consumption
level as old.
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agents’ problem in equations (1.3)-(1.5). The Inada conditions ensure that a, > 0 and, thus,

0 < p* < 1. Hence, the law of motion of bequest in equation (1.1) can be written as

by=R(1—4)(1-Naj (1.9)
—R1—¢) (1= (1—p") (w+b_y).

Definition: An equilibrium in this economy is characterized by an allocation [c?*, & ar ]
that solves the agents’ problem in equations (1.8)-(1.5), and accidental bequests by such that
the law of motion in equation (1.11) holds for all t = 1,2, .., c0.

For A > 0, the dynamics of bequests in equation (1.9) crucially depend on the interest
rate R. To see this, consider an increase in R at the beginning of period ¢. From equation
(1.8) and Assumption 2, we know that agents of the generation born in ¢ would react to
a higher R by increasing their savings a;. Given equation (1.9), these increased savings a,
would lead to higher accidental bequests b;,; for the generation born in ¢t 4+ 1. Agents of
generation ¢ + 1 would react to their increased bequest income b, by increasing their own
savings a;y1 as

Oary1 u” (C%—H)
s () + R ()

These higher savings then increase bequest income for the next generation. For a high

(1.10)

interest rate, this could lead to explosive dynamics, in which savings and accidental bequests
and, thus, wealth in the economy are ever-increasing. A sufficient condition for convergence

of accidental bequests determined by equation (1.9) is

Assumption 3:  (Convergence)
R(1—-4) <1,

which I assume henceforth holds.’ To see this, we can write the law of motion in equation

(1.11) forward for an initial level of bequest b, such that

btsz[R(l—A) (L=) (L= p)]" + [R(1=A) (L =) (1= )] bo,

which for ¢ — co and under Assumption 3 converges to

__RO-N(-9)(-p)
T—R(I=\)(1—0)(1—p)
5Note that explosive dynamics of accidental bequests would never arise in a closed economy, in which
the interest rate is endogenous and negatively depends on aggregate savings.

boo = b
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Hence, for any starting point b, and for a given A, the economy converges to a unique

steady state determined by (variables without a subscript ¢ denote variables in steady state)

a=(1-u")(w+bs)
' =w+by —a

¢ =p"(w+by) R.

1.2.4 The Laissez-faire Economy

Next, I further discuss the market economy in the absence of any government. I consider
the cases of existing and missing private annuity markets.

Existing Private Annuity Markets

Under existing private annuity markets, agents have access to bonds and annuities and can,
thus, optimally choose the share X of their savings a; to be invested in annuities. The effect
of an increase in A on individual lifetime utility is given by

oU, 1

— =R(——1)aByu () > 0.

e = (5 e @

.o, T . » : .

Since —— > 0, it is privately optimal to fully annuitize all retirement savings and, thus,
to choose A = 1. This is a cornerstone result in pension economics, which goes back to

Yaari (1965) and arises as full annuitization eliminates the survival risk from the savings

decisions. To see this, we can evaluate the Euler equation in (1.6) for A = 1, which reads
u'(¢f) = BRu (c])

and proves to be independent of the survival probability 1. Furthermore, annuities offer
the agents an above-market return R4 = R/1) > R as the unclaimed savings in annuities
are redistributed to survivors within a cohort. Under full annuitization, this implies no

accidental bequests (see equation (1.9) evaluated at A = 1) such that

Missing Annuity Markets

Under missing annuity markets, the only assets available to the agents are bonds. Hence,
all savings are in bonds such that a; = a as A = 0. In this case, the intertemporal trade-off

defined by the Euler equation in (1.6) reads
u' (cf) = By Ru' (c))
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and now depends on the survival probability ). The law of motion of accidental bequests

now reads

bt:R(

1-v)al, (1.11)
—R(1-

) (1 —p*) (w+ be—q), (1.12)

where the Inada conditions ensure that b, > 0 for all t£. For t — oo the above accidental

bequests converge to

_ R—y)(1—p)
1—R(1—4)(1—p)

Note that from the perspective of agents born at time ¢, their unclaimed savings in bonds

boo = b w > 0.

go unspent, which constitutes an inefficiency for them. However, for the next generation
born in time £+ 1, the unclaimed savings of generation t represent accidental bequest income
they only receive because generation ¢ had no access to annuities. In a dynamically efficient
economy, there exists a social welfare case for such transfers from old to young (accidental
bequests) because $1 contemporaneously transferred from an old to a young agent has an
implicit cost of $1 to the old while the young earn a return of R > 1. Hence, a benevolent
government balances the benefits of saving in annuities, i.e., longevity risk insurance and

above-market returns, with its social cost of crowding out accidental bequests in equilibrium.

1.2.5 Socially Optimal Annuitization

Next, I study the problem of a benevolent government that seeks to maximize social welfare
measured by lifetime utility in steady state. In the model, the socially optimal level of
annuitization can be achieved by a government that directly mandates a share X\ of savings
a to be invested in annuities. This is, the government only allows savings in a portfolio with
a pre-determined asset allocation, where the weight on annuities is A and 1 — A on bonds.

Under existing annuity markets, mandating A\ is equivalent to taxing the "mortality
premium” of annuities, i.e., the positive return difference between annuities and bonds
(RA — R), at rate T4, the revenue of which is distributed to the young. To see this, note
that the tax rate T4 = (1 — A) implies the same after-tax return on savings as under policy
A, which yields

¥

Also, the revenue directed to the young under policy T4 equals accidental bequests under

R+ [R* - R] (1—TA):R<1—A+3> =R

policy A as

[g - R:| TA'@ZJ(lt_l =R (1 - )\) (1 - 77/1) A1 = bt.
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Social welfare, defined by lifetime utility in steady state, is

QA) =u() + fou(c)
=u(w+b—a)+ BYu (Ra)

with steady-state accidental bequests that equal
b=R(1—1)(1—-X)a. (1.13)

The socially optimal policy A is defined by (after using equation (1.6))

00 (N) , 1 = —0a
= ) (1= — — 1—XN)(1- — | =0.
S = o @) (-0 (- R)at -2 -0 RGL) =0
Proposition 1:  In a model with accidental bequests, a directly mandated interior share

(0 < Aso < 1) of retirement savings in annuities is socially optimal if the interest rate R is
below a threshold Ry, > 1.

Corollary 1:  In a model with accidental bequests, there exists an interest rate threshold

Ry, > 1 above which it is socially optimal not to annuitize any retirement savings.

Proof (of Proposition 1 and Corollary 1): Consider the marginal social value of a change

in A when all retirement savings are in annuities, i.e., A =1

0 (A 1
S e = ok () (= ) (1= R)a) <o
As —|y=1 < 0, we can conclude that while full annuitization is privately optimal, it

is not socially optimal.® Next, consider the marginal social value when no savings are in

annuities
o0 (A 1 —0
S = gomd (@) (=) (- R)ar -0 Fgtha). (L1
Using
da B (u" (¢¥) + BRU" () a + Bu’ ()

—=—-R(1
O ( W (@)1= R(1—¢) (1= N)] + R u ()
and some basic algebra, equation (1.14) simplifies to
0N, RA? (1 — ) ¢* (' ()’

an |/\:0 = _u// (Cy) [1 _ R(l — 2[1)] + By R*u” (CO) )

6This result has been established by Andersen and Gestsson (2022). However, they do not investigate
under what condition some annuitization is optimal in a small open economy.
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where B=R?* (1 —¢) + (1 — R) ¢ (c°/c¥ + R) defines the sign of (Qa())\\) |,\0). As

. .00
gﬂB>O:¢gﬂﬁﬂhﬂ>a

we can conclude that there exists an interest rate threshold Rso > 1 such that

>0 R<R,
aQ(A)I =¢=0 R=R
ox 0T T - ASO'
<0 R>R,,
Q ) .
The result 8(;\\) Ia=1 < 0 together with 0())\\> la=0 > 0 for R < R, proves Proposition 1.
Q(A

The result

For intuition behind Proposition 1 and Corollary 1, note the positive response of steady-

(A) Ixeo < 0 for R > R, proves Corollary 1. [J

state savings to an increase in the interest rate given by

. (1 g g) Bl (¢?) (1 — 6) — (1 — A) (1 — ) au” ()
o _ _ — >0,
OR 11— RN (1— )" () + fuRu ()

which implies that accidental bequests increase in the interest rate as

0b

Rt EEOICEPY {%%} > 0.

Furthermore, notice that the higher accidental bequests, the greater the cost of saving in
annuities that crowds out the accidental bequest income. Consequently, if the interest rate
R is higher than the threshold Rso, the social costs of crowding out accidental bequest are
so high that they outweigh the gains of saving in return-dominant annuities. In turn, if the
interest rate R is smaller than R,,, the welfare gains of saving in return-dominant annuities
outweigh the social costs of crowding out some accidental bequests.

Propositions 1 and Corollary 1 can alternatively be interpreted as: In a model with
accidental bequests and existing private annuity markets, full taxation of the "mortality
premium” of annuities (74 = 1) is socially optimal if R > R, and an interior tax rate
(0 < T4 < 1) on the "mortality premium” is socially optimal if R < R,

At this point, it is instructive to take stock of what is known and lay out the path
for where I am heading. I have shown that there exists an interest rate threshold above
which the cost of reducing accidental bequests outweighs the benefits of annuitization. In
this case, it is socially optimal for a benevolent government of small open economies not to
mandate saving in annuities. If private annuity markets exist, the government should fully

tax the "mortality premium” of annuities and redistribute the tax revenue to the young.
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Suppose the interest rate is below a specific threshold. In that case, governments of small
open economies with missing private annuity markets can implement the socially optimal
allocations by directly mandating an interior share (0 < A\, < 1) of savings to be invested
in annuities. This can be achieved by requiring agents to save exclusively in a portfolio with
a pre-determined interior share A, invested in annuities.

In practice, however, it may not be feasible for governments to directly mandate an
annuity share X of retirement savings. In fact, governments of advanced economies typically
only indirectly affect the share of savings invested in annuities by mandating annuity benefits
through an unfunded or fully-funded pension system. In the next section, I thus analyze
the case of a government that needs to use fully-funded pensions to provide annuities and,
hence, cannot directly mandate a share A of savings to be invested in annuities. It is
well-known that fully-funded pensions cannot improve social welfare if agents already have
access to private annuity markets (see Eckstein et al., 1985 and Abel, 1986). Hence, I am
studying the social welfare effects of fully-funded pensions under missing annuity markets.
I do not explicitly model the reason for the absence of private annuity markets. However,
the assumption of missing annuity markets may be appropriate, given that very few people

privately buy annuities (see Benartzi et al., 2011 and Pashchenko, 2013).

1.2.6 Fully-funded Pensions

In this section, I analyze the social welfare effects of mandated fully-funded pensions in an
economy without private annuity markets. I now assume that the benevolent government
can only give agents access to annuities through a fully-funded pension system. In this
system, the government mandates a fully-funded pension tax 7, for young agents (with
0 <7 < b+ w). In return, agents born in period ¢ receive a fully-funded actuarially fair

pension benefit f;,; when old. Given the gross interest rate R, the pension benefit yields

R
fo=Rry = ETt—l- (1.15)

Following the literature on pension economics, [ impose a non-negativity constraint on
private savings, i.e., a; > 0 (see, e.g., Andersen et al., 2021). Hence, in line with the
legislation of many countries, agents cannot borrow against future pension income f; 1.
Note that under missing annuity markets, all private savings are invested in bonds, i.e.,

a; = aP, which pays the return R. Thus, agents born in period t solve the following
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problem

max U; = u(c]) + fyu () (1.16)
cf,c?,atZO
s.t.
C?:w—l—bt—n—at (117)
Cg = Rat + ft—i—l' <118)

The lifetime budget constraint yields

(o}
G

ad+==w+b+ L 1)
and illustrates that the fully-funded pension tax 7 affects the present value of lifetime income.

However, by mandating 7;, and therefore a lump-sum annuity benefit f;,;, the government

cannot affect the intertemporal trade-off defined by the Euler equation

u' (cf) = RByu’ (cf) (1.19)

which at the zero private saving corner reads

u' (¢f) > RByu’ (cf) .

An increase in fully-funded pension contributions 7; crowds out private savings a;. In
general, I find that
da; " (c]) + pR* (c})

P =< —1 f 1.2
o W)+ R (@) e .

implying that
o ()
wu// (Cty) + ﬁQ/JZRQU/’ (Cf)

Fully-funded pensions supplement the agent’s private retirement savings in bonds a; and

ey
87} - R(l _w)

> 0 for a; > 0.

provide access to above-market return assets. Agents realise that and respond by lowering
their own savings a; as mandated savings 7; in annuities increase. As the mandated fully-
funded saving pays a higher return than private saving, agents cut their private savings more
than one-for-one — cf. eq. (1.20) — in response to an increase in the fully-funded pension
contribution 7. This illustrates that from an individual’s perspective, agents experience a
positive income effect from mandated savings in annuities, which leads to an increase in
their lifetime income and consumption. Consequently, the effect of a change in fully-funded
pensions contributions 7; on individual lifetime utility

e (19 ot (5204
=) (-1 ) + s ) (R + RY ),
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which using the Euler equation (1.19) simplifies to
oU;

a_Tt = Sy Ru’ () (% — 1) > 0 for a; > 0.

v, o . . .
As == for a; > 0, full annuitization of retirement savings through a fully-funded pension
Tt
scheme is privately optimal.

Can fully-funded pensions implement the socially optimal allocation? After prov-
ing that full annuitization is privately optimal, it is interesting to study whether it is socially
optimal. Social welfare, i.e., lifetime utility in steady-state, the government aims to maxi-
mize by setting 7 yields
Q(r) =u(c’) + fyu ()
=u(w+b—7—a)+ fYu(Ra+ f),

where steady-state accidental bequests equal

b=R(1-1v)a. (1.21)

Definition: A steady-state equilibrium in an economy with a government that sets policy

T 1s characterized by allocations [cy*,co*,ay*} that solve the agents’ problem in equations
(1.16)-(1.18), and aggregate bequests b* such that equations (1.15) and (1.21) hold.”

Steady-state savings a are determined by
W (w+b—a—7)=0vRu (Ra+ f)
W(w+R(1—-v)a—a—7)=pPYRu (Ra+ f)
and crowded out by fully-funded pension contributions as
@ L u’ (Cy) + BR2UH (CO)
or  [1—R(1—y)|u(c¢¥) + BYR2u" ()

where Assumption 3 rules out the implausible case for which fully-funded pensions lead

< -1, (1.22)

to a wealth effect that increases savings and bequests in steady state. The response of
steady-state bequest to an increase in pension contribution is negative and governed by
ob da u’ (¢¥) + BR*U (c°
= RU-9) S =R -y IR
ot or u' (v) [1 = R(1— )] + BYR2u" ()

Thus, in equilibrium, pension contributions crowd out bequests representing transfers from

< 0.

the old to the young, for which there is a welfare case in a dynamically efficient economy
(R > 1). While fully-funded pensions provide longevity risk insurance and a higher return
than bonds, they lower bequests left and received in equilibrium. The benevolent govern-

ment, thus, conducts a cost-benefit analysis of annuitization through fully-funded pensions.

"In Appendix A, I prove the existence of a unique steady-state equilibrium, which this economy converges
to.
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Proposition 2: In a model with equal accidental bequests, fully-funded pensions harm
social welfare at an interior solution (positive private savings a > 0).
From the above proposition directly follows that fully-funded pensions can only improve

social welfare if they force agents to the zero-savings corner.

Corollary 2  (of Proposition 2): In a model with equal accidental bequests, a necessary
condition for fully-funded pensions to improve social welfare is that they are generous enough

to make agents borrowing constrained.

Proof (of Proposition 2 and Corollary 2): The response of social welfare to a change in

the fully-funded pension tax 7 is

0 (1) da  Oa

= u' () (—1 tR(A-9) 5~ E) + By’ () (R% - g) : (1.23)

At an interior solution, the Euler equation in (1.19) holds. This allows to simplify equation
(1.23) to

o0 (1)
or

u” (V) 4 Byu” (<)
(@)1 =R —-9)] + pyYR*u" ()

which proves that fully-funded pensions harm welfare at interior solutions. [

=(1-R)(1—-vy)u () <u” > <0 for a; >0, (1.24)

Because Proposition 1 shows that full annuitization is not socially optimal, the condi-
tion that full annuitization of retirement savings through mandated fully-funded pensions
is necessary to implement social welfare improvements implies that fully-funded pensions

cannot achieve the socially optimal level of annuitization.

Proposition 3:  Fully-funded pensions cannot implement socially optimal allocations in

a model with equal accidental bequests.

Proof: First, consider the case of R < R, for which a directly mandated interior share

(0 < Aso < 1) of saving in annuities is socially optimal. In this case, the socially optimal

allocation [cy . a) } is defined by the following Euler equation

S07 ~so’ 7'so

(4

Aso ’ )\so
o (w— [1— R(1— Ay (1 — )] ago) —R (1 ~ o + w) Bipu (R <1 — Ao + w) ag,) .

o () = (1 et A) Rgv (c2,)

Next, consider a 7, such that




where the Inada conditions ensure that there exists a 7, € (0, w) that satisfies this equation.

By construction ¢; and ¢? satisfy the agents’ budget and

Ao
"

which implies that agents do not want to save under consumption allocation [¢]¢?]. Hence,

W (d)=R <1 — oo + ) pyu’ (¢) > RBYu' (7)),

if the consumption allocation [¢fc?] under policy 7, is the same as consumption allocation

[c¥ ;2 ] under the socially optimal policy Ay, fully-funded pensions can implement the first

S07 ~so

best allocation. Note that ¢¥, = ¢/ and ¢2, = ¢ imply

A
Wby —a,, =w—17

)\so T
R 1—>\SO+—> a) = R~
( (8

and, thus,
(1= Ao) (1= 0) (1= R) =0, (1.25)

which is a condition that does not hold. Hence, in the case of R < RSO, fully-funded
pensions cannot achieve the social optimum. Second, consider the case of R > Rso, in which
no annuitization of retirement savings is socially optimal and a laissez-faire economy defines
the social optimum. In this case, it is obvious that the socially optimal allocations can only
be achieved in the absence of any fully-funded pension system (7 = f = 0). This proves
Proposition 3. [

Intuitively, Propositions 2 and 3 come about as fully-funded benefits are lump-sum
transfers and only affect the present value of lifetime income but not the intertemporal
trade-offs. As mandated savings in fully-funded pensions increase lifetime income, agents
respond by increasing consumption and lowering private savings in bonds more than one-
for-one (see equation (1.22)). In equilibrium, this reduction of private savings at the interior
solution leads to the social cost of crowding out of bequest income, which outweighs the
positive income effect from saving in return-dominant annuities. However, at the corner,
where agents are borrowing-constrained, fully-funded pensions cannot crowd out any more
private savings and bequests but still increase lifetime income by mandating savings in the
above-market return annuities. Hence, there may be a social welfare case for fully-funded

pensions at the zero-saving corner.

Can fully-funded pensions improve social welfare? After proving that fully-funded
pensions cannot achieve socially optimal allocations, it is interesting to study if and un-
der what conditions fully-funded pensions can improve social welfare. To do so, I assume

logarithmic utility such that u (¢) = log(c), which implies that ¢ = 1.
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Proposition 4:  In a model with equal accidental bequests and logarithmic utility, there
15 a social welfare case for fully-funded pensions as long as the interest rate R is below a
specific threshold R >1.

Proof: There is a welfare case for fully-funded pensions if social welfare under the optimal
fully-funded pensions € (7) is greater than social welfare under laissez-faire Q2. Corollary 2
shows that a necessary condition for fully-funded pensions to positively affect social welfare
is that they are generous enough to constrain agents’ borrowing. Hence, denoting 7 the
fully-funded pension tax threshold above which agents are borrowing constrained, social
welfare under fully-funded pensions €2 (7) can only be greater than laissez-faire welfare Q0
if the fully-funded pension tax satisfies 7 > 7. At the zero-savings corner (7 > 7), social

welfare under policy 7 equals

Q (1) = log (w — 7) + Belog (Tg) .

The policy 7 that maximizes social welfare in the borrowing-constrained region (7 > 7) is
defined by

o002 1
M__ 1w,
or w—T T
. WYPuw YU : .
and equals 7 = T+ 08 This policy 7* implies the consumption allocation

{cy o w o ﬂRw]
S T A B

and social welfare of

QT*:log( ° )+ﬁ¢log( bhw )

1+9¢8 1+4¢p
= log (1 +wa> (14 Bv) + Blog (RB)

In Appendix B, I show that the consumption allocation under laissez-faire yields

vy w R w
lCLF“H/w—(l—w)(ﬁwR)’ CLF“lww—(l—w)(ﬁwR)Rﬁw]’

which implies that social welfare under laissez-faire is

w
L+ 5y — (1 -4) (BYR)
There is welfare case for fully-funded pensions if 2.« > Qr and, thus, the condition

1+¢B 148y
C =y
v (1+6w—<1—w><ﬁw3>)

Qpr — log ( ) (14 B) + Bulog (B6R).  (1.26)

—1<0 (1.27)
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holds. As ]l%imlC < 0 holds for all 3 € (0,1) and ¢ € (0,1)%, there exists an interest rate
—>

threshold R,- > 1, below which there is a social welfare case for fully-funded pensions. [

To gain more intuition, it helps to summarise the results using a graphical illustration.
Figure 1.1 presents social welfare as a function of fully-funded pension contributions 7 for
the case in which the interest rate R is small enough so that some annuitization is socially
optimal, i.e., R < R,. As shown in Proposition 2, fully-funded pensions harm social welfare
at the interior solution. Thus, social welfare initially decreases in 7 until the threshold 7 is
reached, above which agents become constrained as they would like to but are not allowed to
borrow against their fully-funded benefit f. Between 7 and 7%, the present value of lifetime
income and social welfare starts to increase as mandated savings in fully-funded pensions
make agents richer by offering an above-market return without crowding out more bequest
income because savings in bonds and bequest have already reached the zero corner. At
point 7%, social welfare is at the highest level ).« that governments mandating fully-funded
pensions can achieve. As shown in Proposition 3, this social welfare level €.« is below
the socially optimal level 2, but above social welfare in a laissez-faire economy €2,z for
R < R,.. For 7 > 7*, the present value of lifetime income still increases in 7, but social
welfare decreases. This is the case because too many resources are now moved to the second
period at the expense of consumption in the first period, for which the marginal utility is
higher than for consumption in the second period. Figure 1.2 illustrates the case in which
the interest rate is R is higher than the threshold RSO, above which is socially optimal not
to annuities any retirement savings. Hence, for any fully-funded pension tax 7 > 0, social
welfare under fully-funded pensions is smaller than one under laissez-faire.

These results crucially depend on the empirically relevant assumption of dynamic effi-
ciency, that is, R > 1. Suppose I instead followed Caliendo et al., 2014 and assumed that
the interest rate equals the population growth rate, that is, R = 1. In this case, there would
be no welfare case for transfers from old to young and, thus, accidental bequests. To see
this, remember that $1 contemporaneously transferred from an old to a young agent has
an implicit cost of $1 to the old and a benefit to the young of $R because they can invest
the transfer and earn the market return R. If R = 1, this implicit cost to the old exactly
equals the benefit to the young such that social welfare is unaffected by transfers from old
to young. This implies that no social cost is associated with reducing accidental bequests
through annuitization. Therefore, unlike under R > 1, full annuitization is privately and
socially optimal under R = 1, and fully-funded pensions can achieve socially optimal alloca-
tions under a borrowing constraint if private annuity markets are missing. This is confirmed
by the fact that the condition in equation (1.25) holds for R = 1.

8See Appendix C.
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Figure 1.1: Social welfare as a function of 7 for R < RSO
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Figure 1.2: Social welfare as a function of 7 for R > RSO
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1.2.7 Family-tied Distribution of Accidental Bequests

So far, I have assumed that unclaimed savings in bonds are anonymously and equally re-
distributed to the young, which implies a deterministic bequest income in equilibrium. As
mentioned in the introduction, this assumption was motivated by its popularity in the
macroeconomic literature on OLG models. However, it may not be very realistic. Thus,
in this section, I relax the assumption by assuming a family-tied distribution of acciden-
tal bequests, which under the veil of ignorance, introduces individual bequest income risk.
The focus remains on a small open economy with missing annuity markets and a restricted
government that cannot directly mandate an interior share A\ of savings to be invested in
annuities. Thus, I study the problem of a benevolent government aiming to maximize social

welfare by mandating savings in annuities through fully-funded pensions.
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In this new setting, I assume that children whose parents survive to the second receive
no bequest income because all agents consume all their resources in the second period.
Furthermore, I make the simplifying assumption that all unclaimed savings in bonds are
equally redistributed to children whose parents die early.” Given these family ties and due

to the law of large numbers, accidental bequests equal

bi», = 0 for fraction v

)
o =)

where subscript n stands for no bequests and subscript b stands for positive bequests.

a;—1 = Ra,_+for fraction 1 — 1,

Furthermore,
ar = Yay, + (1 — 1) ayy

represent aggregate private savings. As private annuity markets are missing, all savings are
in bonds such that a; = aP. Before learning their type i € [n,b], agents have an expected

lifetime utility of
Ui = [u(cln) + B ()] + (1= 0) [u(cl)y) + Biou (c7,)]
and face risky bequest income with a mean and variance described by

Eb] =R =) (Ya1n+ (1 =) az1p)
Var[b] = (1= ¥) ¥ [R (Va1 + (1 — ¥) ar1)].

After learning their type i € [n, b, agents solve the problem

L U= a(e) + son () .
s.t.

Cli =W+ b — T — ay, (1.29)

cri = Rag; + fira, (1.30)

which is essentially the same as in equations (1.16)-(1.18). The optimal level of saving in

bonds a;; is determined by
u' (cf) = Ry’ (¢7;) (1.31)
and at the zero private saving corner by

u' (wy + b — 1) > RBYU (frga) -

9The second assumption allows me to introduce individual bequest income risk without having to account
for the mortality of ancestors beyond the parents’ generation.
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The Euler equation implies the following effect of fully-funded pensions on private savings

5%@' B u// (Cgl) + RZBu” (C?,i)
ot B _u” (C%’,i) + R2Byu” (Cai) <-L (1.32)

The effect of a change in fully-funded pensions contributions 7, on Uy; is positive and

yields (after using equation (1.19))

OU, ;
37}

= ﬁ?/}RUI (Cg’i) (% - 1> > 0 for a; > 0.

This illustrates that after learning their type ¢, individual welfare, like in the case of equal

bequests, is maximized by full annuitization of retirement savings.
Social welfare the benevolent government aims to maximize is measured by expected
lifetime utility in steady state and reads

QY (1) = [u(el) + Bru(ep)] + (1 =) [u(c)) + Biou(cp)]

= |u(w— 1 — an) + Bpu (Ran+3;ﬂ +(1—) [u(w—l—bb—T)—i—Bwu (Rab—i—R;)].

While the bequest b,, of agents whose parents survive to the second period is always zero,
the bequest b, and savings a; of children with parents who die early are determined in

equilibrium. Steady-state bequest by, yields

by = Ra= R (¢Ya, + (1 —¢) ap). (1.33)

Definition: A steady-state equilibrium in an economy with family-tied accidental bequests

and a government that sets policy 7, is characterized by allocations [Cf e al } of agents

of type i € [n,b] that solves their problem in equations (1.28)-(1.30) and bequests b; such
R
that equations (1.33) and f = ET hold.1?

Proposition 5: In a model with family-tied accidental bequests, fully-funded pensions

improve social welfare even at an interior solution, as long as the interest rate R is below a

threshold Rd > 0.

Proof: Under the bequest distribution, only the savings of agents whose parents die early
are endogenous in equilibrium. In steady-state, private savings a; of agents whose parents

die early are determined by

u' (cy) = BBy’ () (1.34)

u' (w+ R(Ya, + (1 —¢)ap) — 7 — ap) = Ry’ (Rab + Ri) : (1.35)

10Tn Appendix D, I prove the existence of a unique steady-state equilibrium, which this economy converges
to.
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which implies the following effect of fully-funded pensions on equilibrium saving a, of agents

whose parents die early:

% _ o (Cg) + /BR2UN (Cg) N Ry (C;/) % <0, (1.36)
or [1—=RA—-y)]u’ () + BYR2u" (cf) [ - R(A=)]u’(¢y) + YR’ () or — 7
where (%) is determined by equation (1.32). The first term in equation (1.36) represents

T

the crowding out effect of private savings of agents who receive bequest income, while the
second term represents the crowding out of savings of the agents who do not receive bequest

income. The welfare implication of introducing fully-funded pensions is

o0t (r) Loy Oay, , oo [Oan 1
5 = P [u (c¥) (—1 — 87‘) + RByYu () (87 + w)} +
ey (- Oan gy 12 ey (2 L
(= [ @) (<14 G2 iR -0 - 052 ) rova @) (G2 + 7).
which using the Euler equation (1.31) simplifies to
o0t (r) Lo oo (1= Oay, Oay,
o =R - [ @)+ @) (G e ra- v 5] s

After inserting equations (1.36) and (1.32), I find that

tim P2 —g (1) (o e0) — o ()

R—1
{U” (c4) u" (c) + By (cf) u” (eq) + Bu” (ch) u” (cf) + BP4pu” (c7) u” (CZ’)} -0
[u” (cp) + Bu” (cf)] [u” (cn) + Byu” (c3)] ’

(1.38)

implying that there exists a Ry > 1 such that

>0 R< Ry
8Qd(7')_ R P
or =0 _Ad‘
<0 R>Ry

The result that o (1) > 0 for R < Ry proves Proposition 5, which states that under
family-tied accidentezi bequests, FF pensions improve social welfare even for an interior
solution if R < }?d. ]

Proposition 5 shows that under family-tied bequests, unlike under the equal-bequest
assumption, fully-funded pensions can improve social welfare at an interior solution. This
is because, under family-tied bequests, an additional welfare case for fully-funded pensions
arises from lowering the variance of the bequests

Pl artg ) (V5 a0 ) <o

and thereby mitigating income risk. Like under the equal-bequest assumption, fully-funded

pensions, however, still crowd out accidental bequests, as shown by

Tl —ra-w (v -0 ) <o

or dr
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Consequently, for R > Ry, this social cost of crowding out of accidental bequests out-
weighs the positive social welfare effects of fully-funded pensions, i.e., saving in annuities,
which provides longevity risk insurance, an above-market return and lowers bequest income
risk.

The analysis in this section shows that for R < Ry family-tied bequests lead to a so-
cial welfare role for fully-funded pensions even at an interior solution because fully-funded
pensions reduce the variance of the bequest income. That is, fully-funded pensions improve
welfare at the interior solution because they provide insurance against bequest income risk,
not longevity risk. Welfare gains from longevity risk insurance, like under the equal-bequest
assumption, only occur if fully-funded pensions are large enough to push agents to the

borrowing constraint.

1.3 Conclusion

The social welfare implications of the annuitization of retirement savings have been under-
studied. The likely reason for this is that Yaari-setting for life-cycle models has no market
imperfections and allows individuals to fully insure their longevity risk, which suggests there
is no case for policy intervention.

In this paper, however, I show that the social welfare case for annuitization is not one-
sided under dynamic efficiency. I focus on a small open economy with overlapping gener-
ations of non-altruistic families facing longevity risk. On the one hand, there is a welfare
case for annuities because they offer longevity risk insurance and an above-market return to
survivors. However, in equilibrium, increased savings in annuities lead to reduced accidental
bequests left and received. These bequests represent transfers from the old to the young
that are desirable in a dynamically efficient economy. Therefore, less than full annuitiza-
tion, which would prevail in competitive equilibrium, is socially optimal, and thus, there is
a social welfare case for policy intervention even if private annuity markets exist.

I conduct a cost-benefit analysis of annuitization. First, I prove that if the interest
rate is above a certain threshold, the social costs of crowding out bequest income become
so high that they outweigh the benefits of saving in annuities. Below this interest rate
threshold, governments can achieve socially optimal allocations by directly mandating an
interior share of retirement savings to be invested in annuities. This requires the government
to force agents to save exclusively in a portfolio with a pre-determined asset allocation and
a weight A on annuities. Then, I show that governments that instead mandate annuities
through fully-funded pensions cannot achieve socially optimal allocations even when annuity
markets are missing, and agents cannot undo the policy by borrowing against future pension

benefits. Furthermore, I demonstrate that under the popular equal-bequest assumption and
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missing annuity markets, fully-funded pensions can only enhance social welfare if they are
large enough to push agents to their borrowing constraint. However, under an unequal
bequest distribution, which under the veil of ignorance, implies bequest income risk, I show
that fully-funded pensions can improve social welfare even without pushing agents into the
borrowing-constrained corner. In this case, welfare gains arise as fully-funded pensions
provide insurance against bequest income risk.

In summary, this paper offers valuable insights into how interest rates and the distribu-
tion of bequests influence the social welfare outcomes of annuitization. Government should
consider these findings when formulating pension policies. An exciting avenue for future
research would be to extend my model by introducing heterogeneity in mortality. In this
setting, one could account for the distributional consequences of fully-funded pensions pool-
ing across different mortality risk classes and assess whether this would make fully-funded

pensions more or less desirable from a social welfare perspective.
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Appendix A: Stationary Equilibrium under
Fully-funded Pensions

Here, I prove that an economy with missing private annuity markets in which the govern-
ment sets 7 and accidental bequests are equally distributed converges to a unique steady
state. First, I consider the case in which 7 is small enough so that agents still save privately
(a; >0 VYVt = b, >0 Vt). Due to the assumption of homothetic lifetime utility Uy, op-
timal consumption is proportional to the present value of the lifetime income, which in this
economy equals W] = w + b, + (1/¢ — 1) 7. Consequently, there exists an optimal share

w* (R, B,%,¢) = p* of lifetime income spent on ¥ implying the allocations

y* kAT
¢ = puW
al=w+b —17—¢/
;= ¢ +

— (L= )Wy = 7

& =Ra + f
=R(1L—p )W/,
which solve the agents’ problem in equations (1.16)-(1.18). As the Inada conditions ensures

that ¢” > 0, we have that 0 < u* < 1. Thus, the law of motion of bequest can be written

as
b=R(—v)a, (1.39)

CRO—)(1— ) [w+ a jﬂ)f] L RO-w b (L40)

(8

Writing the above law of motion forward for an initial level of bequest by yields

b= 8 iRy 0=y = S R S RGO RO ) @
1=0

i=1

which for ¢ — oo and under Assumption 3 converges to

(1-19)
R(1—1)(1—p") [w+(1—¢)7]_ Y
L—R(1—1)(1—p) (0 1—R(1—1)(1—p)
_ ROA-Y)A—p) w_{l—(l—@b)(l—u*)}(l—w)RT
1-R(1—9)(1—p) I-R(I-9)(1—p)] o '

The policy 7, for which b becomes zero implying that savings are zero (see equation(1.39))

R

boo =

yields
. (1—p")y
T = w.

-1 =9)(1—p)
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Hence, for any starting point b, and for a given policy 7 < 7, the economy converges to a

unique steady state determined by

1
——7>0

MT) v

a:(l—,u*)<w+boo—|— 7

=R(1—p") (w+boo+(11;—w)r).

Moreover, for any starting point b, and for a given policy 7 > 7, the economy converges to

a unique state state determined by

a =

d=w-—r

COZfZET.

(2

Hence, the economy always converges to a unique state. [J

Appendix B: The Laissez-faire Economy under
Logarithmic Utility

In a laissez-faire economy with missing annuity markets, agents with logarithmic preferences

solve the following problem in steady state

max U = log (¢”) + (¢ log (¢°)

cY,c%,a
s.t.
d=w+b—a

¢’ = Ra.

The lifetime budget constraint equals

(0

cy+%:w+b, (1.41)

where steady-state bequests are determined by
b=R(l—-1)a. (1.42)

The Euler equation here yields
c® = ByYRcY. (1.43)
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Combining (1.41) and (1.43) yields

Yy 1 w
“=Tren T

Inserting the above equation and (1.42) into the first-period budget constraint and solving

for a yields
B

arrp = ( w.

1+ By) = BYR(1—-v)

Inserting equation (1.3) into the budget constraints and using equation (1.42) to solve for

the consumption bundle yields

1
Y _
P = (14 By) — BER(1— ) (1— \)
, BYR

CF T (T4 Bg) - BYR(1L—¢)

Social welfare under laissez-faire thus reads

w

Qup =log(cip) + BYlog (cip)

. w ) By Ruw
= g<(1+ﬁw)—BwR(1—¢)) ot g(<1+ﬁw>—6wR<1—w>)

= (1+ By)log ( ) + Biplog (BYR).

(1+8¢) = BYR(1—-9)

Appendix C: Condition C < 0

Figure 1.3, shows that the function

i oy 1+
F (3, 8) =™ <1+5¢— (1—1) (5¢)>

is negative for g € (0,1) and ¢ € (0, 1) to illustrate that the condition ll%lml C' < 0 holds.
—

-1

Figure 1.3: F (¢, )
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Appendix D: Stationary Equilibrium under
Family-tied Accidental Bequests

Here, I prove that an economy with missing private annuity markets in which the government
sets 7 and accidental bequests are family-tied converges to a unique steady state. First,
consider the case in which 7 is small enough so that agents still save privately in bonds
(ag >0 Vt = byy >0 Vt). Due to the assumption of homothetic lifetime utility U,
optimal consumption is proportional to the net present value of the lifetime income, which

in this economy equals

1
Wt,iEw—i‘bt,i—i‘(a—l)T

with i € [n,b]. Consequently, there exists a share p* (R, 3,1, ¢) = p* of lifetime income

Wi spent on ¢/, implying the allocation

1 1
[Ciz — /’L* (w + bt?i + (E - ].> 7—) 7at,i = (1 _ ,LL*) hi — ET ]
This implies that

arpn = (1 — 1) (w + @ - 1) r> - %T (1.44)

1
=1 —p") Wi — -1, (1.45)

(0

arp = (1 —p*) <w + by + (% — 1) 7') — %7’ (1.46)

and that aggregate private savings evolve according to

ar = Yag, + (1 — ) ary

1
=t (1= p) Wi+ (1 =) (1 —p") Wep — i

(1 *)( +(1 1) ) ! +(1 (1 —=1)b
=(1- w ——1)7)——7 — — :
H » » M tb

Thus, the dynamics of bequests of children whose parents die early reads

bip = Ra;—4
=(1—pu*) (w+ <E_1) 7') R—ET+R(1—[L ) (1 =) b1

Using equations (1.44) and (1.46) to write the above law of motion forward for a given

starting value of by yields
o= |(0=0) (w (5= 1) 7) R= 2] SO IRA =) 0=+ RO ) (0= 00 o,
=0
(1.47)
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which for ¢ — co and under Assumption 3 converges to

(a-w)(w+(5-1)7)-2
- i<1%<1+($><11)w>> o

The policy 7, for which b and a become zero yields

)
1—(1—9)(1—p)

Hence, for any starting point b, and for a given policy 7 < 7, the economy converges to a

boo,b =

7=

unique steady state determined by

ap = (1 —p7) <w+bm,b+<%—1)r> —%T
&= <w+bm,b+(%—1>r+bb>

¢ =(1-n) <w+bm,b+<%—1)7+bb>
(o (L))
e (519

&= -u) (w+(3-1)7).

For any starting point b, and for a given policy 7 > 7, the economy converges to a unique

state state determined by

G =Cl=w—T
R
Cg:cfz—f:ET-

Hence, the economy always converges to a unique state state. [
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Chapter 2

Population Aging, Public Finances,
and Alternatives for Retirement

Reform

Frederik Bjgrn Christensen & Tim D. Maurer

Abstract

We study retirement reforms that ensure sustainable public finances in the face
of population aging. We build a structural life-cycle model with a pension scheme
that includes a public pay-as-you-go pillar and a mandatory fully-funded pillar. The
two pillars interact through a means-testing mechanism. The higher the fully-funded
benefit, the lower the public pay-as-you-go benefit. The interaction allows us to assess
a reform in which increases in fully-funded contributions and benefits reduce public
pension benefits through means testing. We compare this reform to three alternatives:
Increasing the retirement age, cutting public benefits, and increasing taxes to finance
growing public pension expenditures. We estimate the model to Danish micro data and
find that expanding fully-funded pensions to indirectly lower public pensions yields
the highest welfare. Among the remaining reforms, we show that directly lowering

public benefits outperforms hiking taxes and increasing the retirement age.
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2.1 Introduction

In most advanced economies, public pension schemes are coming under fiscal pressure due
to population aging. As expected lifetime increases and fertility decreases, the old-age
dependency rate grows. This trend makes it increasingly difficult for governments to guar-
antee adequate old-age benefits while maintaining sustainable public finances. Countries
have addressed the issue in different ways. The most prevalent reforms are to increase the
statutory retirement age, lower public pension benefits, or increase contributions to accom-
modate growing pension expenditures. Moreover, some advanced economies are moving
from systems with dominant public pay-as-you-go (PAYG) schemes toward more balanced
multi-pillar systems, including mandatory fully-funded (FF) pensions. The shift can also
help alleviate fiscal pressure, provided the two pension pillars interact through means test-
ing. That is if income from FF pensions reduces public PAYG benefits. In this context, the
OECD (2021) reports that 34 out of 38 OECD countries provide some means-tested pension
benefits. On average, means-tested benefits constitute 16% of gross average earnings. While
economists have studied the rise of FF pensions extensively, the interaction with the PAYG
scheme through means testing has been widely overlooked.

In this paper, we conduct counterfactual policy analysis to compare reforms that restore
fiscal sustainability in the face of population aging. Our main contribution is to consider a
reform that uses FF contributions as an instrument to lower PAYG benefits through means
testing. We test this reform against the most prevalent retirement reforms. To this end,
we develop a structural life-cycle model that captures behavioral responses to retirement
reform and allows for welfare analysis. We then compare welfare outcomes across reforms
by modeling fiscal pressure from population aging and requiring the government to run a
balanced budget. Our model includes a pension system consisting of a public PAYG pillar,
a mandatory FF pillar, and a third pillar of voluntary retirement savings. The three pillars
interact, as PAYG benefits are means tested on FF benefits and returns on voluntary sav-
ings. As we are also interested in the socioeconomic effects of retirement reform, the model
incorporates exogenous agent heterogeneity in income profiles, preferences, and mortality
risk, varying with education.

We estimate all preference parameters of the structural model using Denmark as our
laboratory. We do this because Denmark collects high-quality micro data on all its citizens
over the life cycle. The structural estimation procedure targets labor and savings moments
for different education groups. Moreover, we use micro data to estimate some model pa-
rameters outside the model. Ultimately, we use the estimated model to compare reforms
that restore fiscal sustainability amid population aging.

Our results suggest that increasing the mandatory contributions to the FF scheme is

best for welfare. Welfare gains come from the fully-funded scheme giving access to fair
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annuities that provide a high return and insure against longevity risk but are missing in
private markets. Moreover, this reform limits the role of the return-dominated pay-as-you-
go scheme. As a result, agents become wealthier, consume more, and can afford more
leisure. Together, the positive welfare effects outweigh two negative effects. First, indirectly
diminishing the pay-as-you-go system leads to a reduction in redistribution and income
insurance. Second, mandated savings in the fully-funded system crowd out bequest income.
In contrast to adjusting FF pension contributions, adjusting the tax rate to finance public
pension expenditure is the most detrimental to welfare, as it maintains a PAYG scheme
with low returns while also making the young more borrowing constrained.

The paper contributes to two different strands of literature. First, it contributes to
a literature that uses life-cycle models to assess the effect of pension schemes and social
security on labor supply and retirement (see, e.g., Groneck and Schneider, 2022; Groneck
and Wallenius, 2021; Salvati, 2021; Laun and Wallenius, 2016; Jacobs and Piyapromdee,
2016; Gustman and Steinmeier, 2015; Haan and Prowse, 2014; Lainter and Silverman, 2012;
Imrohoroglu and Kitao, 2012; French and Jones, 2011; Iskhakov, 2010; Bound et al., 2010;
van der Klaauw and Wolpin, 2008; French, 2005; Rust and Phelan, 1997; Gustman and
Steinmeier, 1986). Within this literature, a few papers specifically study the implications of
means testing in social security (see Tran and Woodland, 2014; Kudrna and Woodland, 2011;
Sefton et al., 2008; Kudrna et al., 2019). Kudrna et al. (2022) illustrate how means testing
public pensions with income on voluntary savings serves as an automatic stabilizer when
longevity increases. Despite thematic similarities, our paper differs in several respects. Most
importantly, our means-testing mechanism includes benefits from mandatory FF pensions.
Moreover, we conduct policy analysis under the criterion of fiscal sustainability. Finally, we
have a strong empirical focus using structural estimation on Danish micro data.

The second strand of literature studies the welfare effects of restoring fiscal sustainability
in public pension schemes facing demographic pressure (see, e.g., Attanasio et al., 2007; De
Nardi et al., 1999). Within this strand, the papers closest to ours are Haan and Prowse,
2014 and Laun et al., 2019. Haan and Prowse (2014) use German data to estimate a life-
cycle model including an earnings-related public pension system. In the model, retired
agents dissave an amount equal to the annuity value of accumulated savings. Thus, the
post-retirement consumption plan is entirely exogenous, precluding endogenous responses
to changes in life expectancy and pension reform. Laun et al. (2019) build a life-cycle
model to study policies that restore fiscal sustainability in public pensions using Norway as
their laboratory. Their model includes heterogeneous agents who face health, mortality, and
income risk and choose consumption and discrete labor supply. The policy analysis considers
increasing the early retirement age, increasing income taxes, lowering old-age retirement

benefits, and lowering disability benefits. While these papers focus on PAYG, we add a
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FF scheme and allow the two schemes to interact through means testing. As an additional
contribution to this literature, we carefully model accidental bequest rather than assuming
an absorbing confiscatory tax when conducting policy analysis. This generalization avoids
the often-overlooked issue of giving an unfair advantage to PAYG and FF schemes that
redistribute from the dead to the living.

The paper proceeds as follows. Section 2.2 outlines our structural life-cycle model. Sec-
tion 2.3 describes Denmark’s institutional setup and the mirco data we use to estimate the
model. Section 2.4 outlines the structural estimation strategy. Next, for estimated param-
eters, Section 2.5 analyzes the retirement reforms to restore fiscal sustainability. Finally,

Section 2.6 concludes by summarizing and discussing key findings.

2.2 The Life-cycle Model

To study counterfactual pension reform in a framework with behavioral responses, we build
a general life-cycle model where individuals choose consumption and labor supply while
facing idiosyncratic income and mortality risk. The state vector at time ¢ includes two con-
tinuous state variables: cash-on-hand, m;, and FF pension savings, w;, as well as endogenous
retirement status, d;, and constant education type, e.

Because we are interested in the welfare effects of reforms across socioeconomic groups,
we introduce ex-ante heterogeneity by allowing mortality rates, life-cycle income profiles,
preferences for labor, and pension contribution rates to vary by education. For an agent
with education e, 1)f denotes the probability of surviving from period ¢ to ¢t + 1. Likewise,
x§ denotes the education-specific life-cycle productivity profile. Moreover, education types
differ in their disutility for labor, ¢¢. Finally, education types face different mandatory
contributions to FF pensions, ¢f. Both survival rates, productivity profiles, and contribu-
tion rates are estimated using administrative data, as shown in Section 2.4.1. Preference
parameters are estimated structurally in Section 2.4.2.

Consumption, ¢, is a continuous choice, albeit subject to a standard borrowing con-
straint. In contrast, the labor decision, [; is discrete. Although the model can handle a
general number of discrete labor supply choices, we focus on the extensive margin. Thus,
agents can either work full-time or retire. Retirement is an absorbing state. Hence, once
retired, the individual remains retired. If the individual elects to retire before the statutory
retirement age, she faces an additional decision, s;, over whether to claim a pre-old-age
social security benefit, g, at a utility cost, x. When an early retiree reaches the statutory
retirement age, the pre-old-age benefit ceases, and the disutility of claiming disappears. To

formalize, the individual labor and retirement decisions, d;, takes a finite set of elements,
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D = [1, 2, 3], which represents the following combinations of [; and s;
[(lt - ]-78t — O)J(Zt :O7St — O)J(Zt :O7St - ]')] .

We model a public PAYG pension scheme and a mandatory FF pension scheme and let
the two schemes interact through means testing. To be precise, public pension benefits
decrease with income from FF pensions. The following sections provide nuance to each of

these model components.

2.2.1 The Pension System

We model an old-age pension system, including a public and a mandatory occupational
scheme. For tractability, we perceive voluntary pension contracts as part of voluntary
savings. The same goes for other assets that could serve as retirement savings, e.g., housing.
While the PAYG scheme pays out defined benefits financed by general taxes, the FF scheme
mandates working agents to save on individual accounts to be annuitized at retirement.
Whereas the return in the PAYG scheme comes from population and wage growth, the
FF scheme earns the market return. The two pension schemes are the only institutions
that provide annuities. Thus, we implicitly assume that markets for voluntary savings are
incomplete. This assumption aligns with the literature on the so-called annuity puzzle, i.e.,
the observation that non-mandated saving in annuities is low. For a summary, see Benartzi
et al., 2011. Although our focus is old-age pensions, we include a simple social security

benefit to give agents a margin of adjustment when facing a contractionary pension reform.

Public PAYG Pensions

We model a PAYG benefit that has two components; a universal base amount, p;,, and
a means-tested supplement, ps (y;*). The supplement is reduced linearly at a constant
penalty rate, 7, with means-testing income, y;”, including all FF' pension, labor, and net
capital income. Assuming that the individual has reached the statutory retirement age, T,.,

the public pension benefit formula is given by

pe=py + s (Y;")
ps (y7") = max {0, p, — 7y, } .

As means testing depends on capital income, individuals must consider the impact on future
public pensions when making consumption-saving decisions. For details, see Section 2.2.2.
Abstracting from differences in mortality, the PAYG scheme redistributes from rich to poor.
The redistribution channel is important for welfare in and of itself, but also as ex-post in-

tragenerational redistribution works as ex-ante insurance of individual income risk. As the
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model contains no aggregate risk, we abstract from welfare improvements through inter-
generational risk-sharing channels. Although it is sometimes possible to postpone public
pension benefits, we assume that the take-up rate is 100%. This assumption also applies to

individuals who continue to work past the statutory retirement age.!

Pre-old-age Social Security

To have a channel for a backlash to retirement reform, we allow agents to go on social
security benefits before the statutory retirement age. For simplicity, the social security
benefit is a flat rate, ¢op. We assume that everyone is eligible to go on benefits at any time.
However, apart from the direct loss of labor income, agents that claim benefits suffer a
utility loss, x. This parameter could represent social stigma or disutility from mandatory
participation in active labor market programs. Henceforth, we refer to this as the stigma
parameter. Because of the stigma, some individuals may leave the labor market without
claiming the benefit. That is, some agents self-retire, living solely off their voluntary savings

and potentially FF pensions.

Fully-Funded Pensions

In the first period, individuals enter a mandatory FF pension scheme with zero initial
pension wealth, wg = 0. In every period thereafter, they accumulate pension wealth on
individual accounts by contributing at a rate, ¢;, on all before-tax labor income. The law

of motion for pension wealth in the account of an individual worker is defined by

e
w1 = Ry we + Oyl

Here, R} = d% is a fair, education-specific annuity return with R = 1+ (1 — 7,) r denoting
the gross after-tax return and r denoting the real market return. Intuitively, Ry decreases
with the education-specific survival rate, 1)y. The split of annuity returns into education
groups is natural, as pension funds are often occupation-specific.

Individuals become eligible for FF pension benefits at age 7,,. Suppose a worker stops
working at some age, r > T),. In every period thereafter, the individual has no labor income

but instead receives an actuarially fair annuity based on wealth at retirement

flw) = ——"

Yo, T
Hj:r Rj

! This simplification is rather innocuous, as very few people are eligible to postpone public pensions and
only a fraction elect to do so. According to ATP (2018), only 3.3% of 65-74 year-olds were postponing
public pensions in 2016. As it is only possible to postpone for ten years, no one postpones at higher ages. In
practice, this simplification is equivalent to limiting the scope of tax planning for a small population subset.
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The individual continues to receive this amount every year until his/her eventual death.
However, as pension wealth is a state variable, it is still helpful to keep track of remaining
pension wealth after retirement, although FF pension benefits do not change. The law of

motion for the pension wealth of a retiree is
w1 = Ripwy — f (wy) -

Hence, w; is pension wealth in period ¢ net of current benefits. In Appendix A, we use the
law of motion to show that annuitizing the FF pension wealth at retirement is equivalent to
re-annuitizing the remaining pension wealth every following period. Hence, we re-annuitize
the pension wealth of a retiree in every period rather than changing state variables after
retirement. The equivalence property allows us to express the future pension benefit as a
function of current pension wealth

fer (wy) =

Wy

1
S T
i Hj:t—H Rj

This is useful not only in solving but also in simulating the model.

2.2.2 Individual Decision Problem

As always, agents make decisions to maximize expected utility. In this case, expected utility
at any age, t, of an individual with education level e is given by

T

T—1
U, =E, ZﬁT*t H S u (el sy,

T=t s=t—1
where 3 is the subjective discount factor and v¢ is the education-specific conditional survival
rate at age s. Moreover, u (+) is the instantaneous utility function over current consumption,
labor, and pre-old age social security claiming status. This is given by

1-p

u (e, ly, s¢) = —0°ly — x - 5¢ + .

IL—p

That is, instantaneous utility over consumption is a standard CRRA with the inverse elas-
ticity of intertemporal substitution, p. In the special case where p = 1, the utility function
takes a logarithmic specification. The disutility from discrete labor supply is linear but
differs over education groups. To ensure that utility is positive, we add a constant, u, to the
instantaneous utility function. The constant does not change the optimality conditions but
ensures a reasonable point of departure for studying the welfare implications of population

2

aging and pension system reform.® Next, we rewrite the individual decision problem in

2Without ensuring positivity, welfare decreases when longevity increases, which would obfuscate the
interpretation of our results when doing policy analysis. To pin down this parameter, we fit the model to
empirical estimates for the value of statistical life in Denmark as discussed in Section 2.5.3.
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recursive form. As retirement is an absorbing state, we split the recursive form of the utility
maximization problem into two - the worker’s problem and the retiree’s problem, starting

with the former.

The Worker’s Problem

The value function of a worker of education type e with current state variables of cash-on-

hand, m;, and pension wealth, w;, is given by:
Ve (my, we) = max {of (my, wy, di) + Ae (dy) }
t

where v (my, wy, d;) is a choice-specific value function over consumption for a given choice, d;.
The value function is education-specific, as both preferences for labor, potential income, and
survival probabilities differ over education groups. Discrete labor choice generally introduces
kinks in the value function and jumps in the policy function, propagating backwards in time.
Because of these kinks, there are multiple solutions to the Euler equation. Consequently, we
use the Discrete-Choice Endogenous Grid Method (DC-EGM) established by Iskhakov et al.
(2017). This an extension of the Endogenous Grid Method, see Carroll, 2006, to a setting
with a discrete labor choice. Although the solution method can handle non-convexities
and multiple solutions to the Euler equation, we also consider a type-1 extreme-value taste
shock, € (d;), with scale parameter, A\.> As shown in McFadden, 1973, the taste shock acts as
a logit smoother of value functions by making labor choices probabilistic. For our purposes,
the taste shock represents unobserved factors of individual choice and permits a smoother
transition into retirement, providing a better model fit. The choice-specific value function

for a worker, d; = 1, can be written in the following recursive form

vg (me, wy, 1) = o {U (ct,1,0) + B -9y - E [Vtil (M1, th)”
s.t.
my=a;+ (1+7.)¢
merr = (1 =7, () [(1 = des1) yesr + Boypein (vi)] + b5y + Ray
Y = (1= dep1) ypn + (R = 1) a4
Wi = Ry wi + dria1ig

Yir1 = exp (T5y + 2141)
2417 N ([1,, 0'2) .

Here, 1,41 is an income shock that has two components: A deterministic component, z7, |,

that captures the productivity pattern over the life cycle, and a stochastic component, z; 1,

3See Adda et al., 2017 and Groneck and Schneider, 2022 for other examples of life-cycle models solved
using DC-EGM with taste shocks.
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following a log-normal distribution. We pin down the parameters of the log-normal shock
distribution by a panel wage regression in Section 2.4.1. Meanwhile, b7,; denotes income
from accidental bequest. While accidental bequest is exogenous in the structural estimation,
we endogenize the bequest distribution in the policy analysis. For more on the transmission
of bequest, see Section 2.5.2. Furthermore, I denotes indicator functions for eligibility of
different benefits, while 7, (-) is a progressive income tax function and 7. is a proportional
consumption tax rate. It is straightforward to derive the first-order condition for optimal

consumption

6" =F v By

Ope1 (yih _
(R +(1—1, (-))]If+1—t+la( ”1)) ctfll .
Qg

For a young worker who is ineligible for public pensions (¢ < T;.), this reduces to the standard
case with no effects through means testing. The eligible worker (¢ > T,.), however, faces a
crowding-out effect from voluntary savings onto public pension benefits. As the first-order
condition shows, evaluating expectations over future choices and values is essential. Thus,
we briefly introduce some concepts that are helpful in this endeavor. Note first that income
and taste shocks are uncorrelated. Therefore, we can rewrite the continuation value of the

worker as

Eq [Vti1 (mt+1,wt+1)} = /E t€+1 [’Ufﬂ (mt+1,wt+1,dt+1)] dy,

where 'V, is the expectation over the future taste shock for given future states of income.
The integral over y then accounts for expectations over the income shock. In evaluating
expectations over the income shock, we discretize the log-normal distribution using Gauss-
Hermite Quadrature with S = 5 points. For the taste shock, we use the well-known log-sum

formula for independent, extreme-value distributed random variables

[ d
EVS = X-log Z exrp (UHl (mt+1;\wt+1, t+1>>

di+1€D
We apply similar techniques to compute expectations over the policy function when evalu-
ating the Fuler equation.
The Retiree’s Problem

A retiree has stopped working, d; > 1, and faces no more income risk or taste shocks to
preferences for labor. Consequently, the decision problem of a retiree simplifies somewhat.

The recursive formulation of the utility maximization problem for a retiree of education
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type e with claiming status s; is given by

vy (my, wy, dy > 1) = max {u(c,0,s) + B - vf g (Myg1, wegr, dy > 1)}
at

s.t.
my :Cbt+<1+Tc)Ct
My = Ray + (1 — Ty () (H{—i—lft—i-l (wy) + ]If+1pt+1 (?J?}rl) + H?+1Q0>

Yy =(R—-1)a + ]I{+1ft+1 (wy)

Wi = R wy — ]I{+1ft+1 (wy) -

As the retiree faces no more income and taste shocks, one can solve the problem by the
standard Endogenous Grid Method (EGM), see Carroll, 2006. However, as the means-
testing schedule of public pensions is not globally differentiable, we amend the standard

procedure with an upper-envelope program that handles potential multiplicity of equilibria.

2.3 Danish Institutions and Data

We estimate our model using Denmark as a laboratory. Accordingly, this section provides

background information on Danish institutions and the high-quality micro data that we use.

2.3.1 The Danish Pension System

The pension system in Denmark has three pillars. The first pillar is a public PAYG scheme
(Folkepension) with defined benefits. The benefit consists of a base amount that is the same
for everyone and a supplement that is means tested on old-age income. Specifically, the
supplement depends negatively on pension benefits from the second and third pillars, labor
income, and other capital income. Figure 2.1 depicts a stylized version of the means-testing
schedule in Denmark.* The plot includes the base amount and the two most significant
components of the total supplement.> Although the supplement is somewhat targeted, a
large majority of retirees receive a positive amount on top of the base amount.® Unlike US
social security, the public scheme is financed entirely through general taxes. Thus, individual

contributions to the public pension scheme are not directly available in the data.

4For evidence on the degree of means testing in other countries, see Figure 2.9 in Appendix C.

5These two components are known as Folkepensionstilleeg and Aldrecheck. While both are income tested
and depend on civil status, the latter also depends on a wealth test. We disregard a few minor benefits for
housing, heating, and health.

6For example, according to ATP (2019), 75% of individuals in cohort 1942 received more than the base
amount at age 66. At age 75, the corresponding number is 87%.
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Figure 2.1: Means Testing. Stylized example based on 2015 rates for a retiree who lives

alone and has no significant liquid wealth. Old-age income includes all income other than
the public PAYG benefit.

In the second pillar, individuals pay into mandatory defined-contribution FF pensions.
Contributions to this scheme are entirely tax deductible. Meanwhile, returns on FF pension
wealth are subject to a special capital-income tax. In retirement, the pension fund pays out
an annuity benefit based on accumulated pension wealth in the individual account. Benefits
from the FF scheme are taxed as labor income. Pension funds in the second pillar are
largely occupation-specific. Thus, each fund typically has a relatively homogeneous member
base with similar incomes and expected lifetimes. However, there are typically systematic
differences in incomes and lifetimes across funds. Accordingly, the fair annuity formula
differs, such that funds with short-lived members have higher annuity factors. Furthermore,
pension funds have different contribution rates. Typically, contribution rates increase with
average life expectancy in the fund. This partly reflects differences in annuity returns.
Moreover, later labor market entry requires higher contribution rates to achieve a given
compensation rate. Finally, there is a relatively small third pillar. The third pillar allows
individuals to save in private pension arrangements. These arrangements are similar to the
second pillar, but participation is voluntary. In this paper, we explicitly consider the first
and second pillars while taking the third as a part of liquid voluntary savings.

Traditionally, the public system dominated the occupational system. However, a 1987
collective agreement between the social partners and the government (Fzlleserkleeringen)
later stipulated a gradual increase in contribution rates. Following the agreement’s imple-
mentation a few years later, the importance of the occupational scheme increased substan-
tially. This shift was further amplified by public pensions being means tested on income

from occupational pensions. Shortly after, in 1993, the government introduced a relative
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increase in supplementary benefits. Thus, the strength of the means-testing mechanism in-
creased even further. Inspired by this, we explore the case for using means testing combined

with increasing occupational pensions to reduce public pension expenditure.

2.3.2 Data

We use Danish register data to calibrate and estimate the model. Register data contains
detailed information on every individual living in Denmark in a given year. It covers a vast
set of variables linked through an anonymized personal identification number. Moreover,
it is possible to link individuals to their spouses and parents to their children. These
linkages make register data ideal for conducting both cross-section and panel-data studies
with many covariates and a long time horizon for a vast number of individuals. In this
paper, we use the population register, BEF, to identify individual characteristics such as
age, gender, and marital status. Occasionally, we need to keep track of people entering or
exiting the data due to either death or migration. To this end, we use the date-of-death
register, DOD, and the migration register, VNDS. To estimate life-cycle earning profiles, we
use data on personal income, taxes, and transfers from the income register, IND. We rely
on the education register, UDDA, to subdivide individuals into education groups. We use
the socioeconomic classification register, AKM, to determine when and how an individual
leaves the labor market. To determine individual wealth, we use the pension wealth register,
PENSFORM, and the net wealth register, FORMGELD. Except for the latter, data is
available from 1980 to 2020. Apart from micro data, we use information from the Danish
Ministry of Finance on actual policy rates for the pension system and a selection of tax

rates.

2.4 Estimation

We follow a two-stage estimation strategy. In the first stage, we calibrate and estimate a
selection of exogenous model parameters as shown in Section 2.4.1. In the second stage,
we use the Simulated Method of Moments (SMM) to estimate all preference parameters as
described in Section 2.4.2.

2.4.1 Estimation Outside the Model

This section covers the calibration of parameters determined outside the model. For a quick
overview, see Table 2.1. First, we calibrate the timing of the model. Here, we set the
starting age to 25 and the maximum age to 95. Individuals start to receive bequests at

55 and stop receiving bequests at 65. To match the institutional setup for the relevant
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cohorts, we set the statutory retirement age to 65. Meanwhile, the earliest access age for
funded benefits is 60. Public benefits and the means testing schedule are calibrated to match
actual rates. Finally, we assume a real net return of 3%. This return is well in line with
the related literature. Second, we use econometric methods to estimate education-specific
mortality rates, life-cycle productivity profiles, and mandated FF contribution rates. Unless
otherwise stated, we use data for cohorts 1949-1953. We focus on these cohorts as they start
to become eligible for retirement in 2015, such that we have data for many years before the

statutory retirement age and for some years after. Also, these cohorts were unaffected by

a significant reform in 2011.

In addition, we use 2015 data to estimate an income tax

polynomial.
Table 2.1: Calibration of Exogenous Parameters
Parameter Description Value Origin
Timing
T Maximum age of life 95
Thirth Age at birth 25
T Eligibility age for public pensions 65 Actual retirement age
T Earliest access to funded benefit 50 Danish legislation
T Earliest age of receiving bequest 55
Tu Latest age of receiving bequest 65
Demographics
P! Survival prob. from age j to j + 1 See Figure 2.2 DST Data, Lee-Li model

labor productivity
{we}
{oe}

PTObparents |children

Earnings potential
Variance of productivity shock
Education transmission matrix

Tazes and Social Security

Ty ()

Income tax function

See Figure 2.3
{0.516,0.501, 0.562}
See Table 2.3

See Figure 2.4

DST Data, Wage regression
DST Data, Wage regression
DST Data, Markov matrix

DST 2015, Polynomial fit

Te Value added/consumption tax 0.25 Danish tax code
Ta Capital income tax 0.27 Danish tax code
Th Inheritance Tax 0.15 Danish tax code
qo Pre-retirement benefit 18,900 USD DST Data 2015
p(+) Retirement benefit function See Figure 2.1 Current Legislation
Po Base amount of old-age benefits 9,715 USD Legislation 2015
p1 Supplement of old-age benefits 12,384 USD Legislation 2015
™ Means-testing penalty rate 0.309 Legislation 2015
Prices

R Gross interest rate after taxes 1.03

Notes: The table contains all parameters calibrated and estimated outside the model.

Education Types

As we model exogenous agent heterogeneity by educational attainment, we first need to
define a mechanism by which we allocate individuals in the data to education groups. The
allocation mechanism works as follows. First, we rank individuals of a cohort and gender

according to their highest degree at age 32 or the earliest age that education data is available
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from the registers. Within each degree, we further rank individuals according to their age
at graduation. The lower the age at graduation, the higher the education rank. We use this
ranking mechanism to split each cohort into three equally sized education groups - Low,
Middle, and High - for each gender. As a final step, we aggregate over genders to produce

three equally sized education groups with a balanced gender composition.

Mortality

To produce coherent forecasts for sub-population mortality for all education groups, we
use a standard Li and Lee, 2005 model, which builds on the well-known Carter and Lee,
1992 model. For details on the model, we refer to Appendix B. We apply the model to
41 years of Danish register data for ages 50 to 95. We consider equally-sized groups based
on education rank to avoid well-known issues with drift when using education level as the
allocation mechanism. In this way, we produce group-specific survival rates as depicted in
Figure 2.2. As expected, survival rates increase monotonically across education groups at
all ages. The estimated survival rates are consistent with expected lifetimes of 80.8, 82.8,
and 84.7 years for people of Low, Middle, and, High education. The differences in longevity
are not only important for individual decisions. They also limit the scope for redistribution
through the public pension system. This could have important consequences for the welfare

response to different policies in the policy analysis.
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Figure 2.2: Education-specific Unconditional Survival Rates

Life-cycle Productivity

To estimate the life-cycle productivity pattern, we use Danish register data on income and

run a panel regression with a fifth-order age polynomial as well as individual and year-fixed
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effects on income. Like in Cocco et al., 2005, our income measure includes labor income

plus social benefits, including social security. The regression equation is given by

V) =zl + L +u' +¢

Ty =oqar+ ...+ aay,

where Y/ is income in logs, x¢ is a fifth-order age polynomial, I; are year fixed effects, u’
denotes individual fixed effects, and € is a transitory idiosyncratic income shock. We use
the standard errors from this regression to pin down the standard deviation of the income
shock, ., and set p, = 0.

In the regression, we use income data for cohorts 1949-1953 for both men and women
aged 25 to 63. After age 63, potential earnings remain unchanged. This procedure produces
the life-cycle productivity pattern depicted in Figure 2.3. The resulting earnings patterns
differ in several respects. Most importantly, better-educated individuals have higher lifetime
incomes. However, at very young ages, people with lower education tend to be more pro-
ductive than their better-educated peers. Cocco et al. (2005) find a similar crossing-over of
earnings profiles. This property is likely associated with differences in education and tenure.
The associated standard deviations of the income shocks of the three education groups are
o1 = 0.516,09 = 0.501, 05 = 0.562.
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Figure 2.3: Education-specific Average Earnings

Taxes

Much like the pension system, the Danish tax system is rather complex. To keep things
simple, we implement a stylized version of the tax system. The stylized system consists

of income taxes, a value-added tax, a capital tax, and an inheritance tax. In accordance
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with the actual tax code, consumption is taxed at 7, = 25%. Meanwhile, capital is taxed
at 7, = 27%, and bequest at 7, = 15%. Income taxes, 7, (-), are calculated by a polyno-
mial tax function over taxable income. Here, taxable income includes labor income (after
contributions to FF pensions) and benefits from FF and public pensions. To elicit the tax
polynomial, we fit a second-order polynomial on average tax rates within income bins of
1,350 USD (10,000 DKK) for all individuals with income below 135,000 USD (1 million
DKK), using 2015 register data. In that way, we abstract from specific tax rates and de-
ductibles to capture overall progressivity in a simple way. For reference, see Laun et al.,
2019. The results are depicted in Figure 2.4. Unsurprisingly, the tax function is progressive.
To avoid decreasing tax rates at very high income levels, we let the tax rate be constant
above the polynomial mode. In the model, we apply the tax function to all income except

for returns on voluntary savings.
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Figure 2.4: Tax Function

Funded Pension Contribution Rates

In Denmark, pension contribution rates are negotiated between unions and employer associ-
ations and are, therefore, largely occupation-specific. As contributions to some extent reflect
longevity differences, academics and white-collar workers traditionally have higher contri-
bution rates than blue-collar workers. For a detailed overview of union-specific contribution
rates, see Finansministeriet, 2017. In the model, we base education-specific contribution
rates on union-specific rates. Figure 2.5 depicts the resulting contribution rates. Notably,
contribution rates increased significantly for all groups between 1991 and 2009 and have re-
mained constant ever since. Recalling the section on the institutional setup in Denmark, this

increase resulted from a political agreement of 1987. The agreement was highly politicized

o4



and took several years to step into effect. Thus, it is reasonable to assume that individuals
could foresee future contribution rates with some accuracy. Therefore, we assume perfect

foresight with respect to contributions.
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Figure 2.5: Funded Pension Contribution Rates

2.4.2 Estimating Structural Parameters

We pin down all preference parameters by way of structural estimation. That is, we match
a series of simulated model moments to corresponding data moments by varying a vector of
parameters. The first type of moment that we target pertains to the labor supply of cohorts
1949 to 1953. We specifically target education-specific labor force participation at ages 58,
62, and 65. Second, we target levels of voluntary savings at age 55. In doing so, we again
use register data to identify voluntary savings for each education group.

We estimate the intertemporal substitution parameter, p, the subjective discount factor,
B, the education-specific disutility of labor, ¢, the social stigma, y, and the scale parameter
for the taste-shock, A. In estimating the model, we rely on the simulated method of moments
(SMM) - a version of the generalized method of moments used when analytical model
moments are unavailable. The SMM estimator is the argument that minimizes a weighted

sum of distances between moments in the model and moments in the data

0 = argmin e (7, z|0) We (&, 2]0) .
o

Here, e (Z,x|0) = W is a vector of percentage deviations for X' = 12 moment
conditions, and W is a weighting matrix. We use a two-step procedure. First, we set W = [

and solve for 6. In the second stage, we use bootstrapping to update the weighting matrix.
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More precisely, we sample S = 100 instances of the economy to estimate the variance of the
sample errors and set the diagonal elements of the weighting matrix equal to the inverse of
these estimates. Given the updated weights, we solve again for 6.7 The resulting solution

is characterized by the parameters listed in Table 2.2. &

Table 2.2: Structurally Estimated Parameters

Parameter Description Value
15} Subjective discount factor 0.9739
p Inverse elasticity of substitution 2.3522
X Stigma 0.5853
{0°} Disutility from work [0.494, 0.4237, 0.3129]
A Taste shock scaling parameter 0.7551

Notes: To validate the solution, we run the algorithm again for a different set of starting values.

Having estimated the model, we are now ready to examine its outcomes. Appendix C
contains figures illustrating the life-cycle behavior of different variables. Note that these are
conditional on survival. The plots show that labor income increases at early ages only to
flatten and decrease as individuals become less productive or retire. There is a clear tendency
for the propensity to retire early and to claim the early retirement benefit to decline with
education. As people grow older, they transition into retirement. In retirement, the public
benefit is larger than the FF benefit for all education groups. However, the difference
declines in education. For all education groups, the consumption profile is relatively flat.
The associated profiles for savings and wealth display a distinct rise and fall but hit their
apex at different ages. To be precise, agents begin to dissave liquid wealth early on before
the illiquid FF pension wealth reaches its apex. As expected, better-educated individuals

tend to consume the most and have the highest net worth.

2.4.3 Targeted Moments

In this section, we evaluate the model fit for targeted variables. First, Figure 2.6 compares
labor supply in the model to labor supply in the data for each education group at all ages.
Note here that we target levels at ages 58, 62, and 65. To compute labor supply in the
data, we introduce a sample selection criterion to include only individuals who are not on

sickness benefits at the age of 40. After that, we use socioeconomic classification provided

"For the optimization routine, we call a numerical solver from the Optim.jl package in Julia. To increase
the likelihood of finding a global solution, we run the two-step SMM for different vectors of starting values.

8To increase the likelihood of finding the global minimum, we explored several bounded and unbounded
routines and different starting values.
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by Statistics Denmark to determine whether an individual is working or not. We use the
same criterion to gauge total wealth. The model over-predicts labor supply by five to ten
percentage points at early ages, but the errors decline somewhat as individuals start to
retire. The problems of matching the data at early ages likely have to do with conceptual
differences between classifications of labor market participation in the model versus the
data. For instance, we do not explicitly model people who are on disability benefits all of
their life.

2.5 Policy Analysis

Having pinned down all the model parameters, we evaluate the economic and social impact
of various reforms in the face of fiscal pressure deriving from increases in longevity and falling
fertility. The reforms that we consider are: increasing taxes, increasing the retirement age,
lowering public benefits directly, and increasing mandatory contributions to fully-funded
pensions to lower public benefits indirectly. In Appendix D, we consider a couple of addi-
tional policies. All policy evaluations rely on comparisons across steady states. First, we
consider a baseline steady state in which agents have the survival rates of the 1952 cohort.
Next, we increase longevity to that of cohort 1962. This corresponds to an increase in life
expectancy by 2 years at the age of 40. Meanwhile, the cohort growth rate, n, adjusts to
match expected changes in the Danish old-age dependency ratio between 2015 and 2025.%1°
We then verify that the demographic change puts pressure on public finances as it increases
old-age pension expenditure more than tax revenue. Based on this observation, we then
consider the economic impact of each of the reforms intended to ensure fiscal sustainability.
Throughout, we take fiscal sustainability to imply that residual government consumption
per capita is unchanged from the baseline. However, we first pause to describe the feedback
effects introduced by the government ensuring fiscal sustainability and by overlapping gen-
erations passing on bequest.!! Moreover, we outline the definition of a pecuniary welfare

measure.

9According to the OECD, the Danish old-age dependency ratio was 33.0 in 2015 and is expected to
increase to 37.7 in 2025. Given estimated mortality, this implies a drop in the cohort growth rate from
n = 0.008 to n = 0.006.

9Compared to the estimated model, we keep most parameters constant. However, instead of increasing
pension contributions over the life cycle, we keep them constant at post-reform levels, i.e., after 2009.
Furthermore, we adjust the age-specific earnings potential, ¢, for real wage growth.

HWe use the term feedback effects rather than general-equilibrium effects to avoid confusion about the
exogeneity of factor prices.
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2.5.1 The Government Budget

The government finances government consumption through income taxes on wages and
pensions, consumption taxes, capital income taxes, and inheritance taxes. Apart from
social security benefits, the proceeds finance residual government consumption, including
healthcare, education, and infrastructure. To evaluate fiscal pressure, we require residual
government consumption per capita, G, to be constant. Thus, following a change in survival
and fertility, one or more policy parameters must adjust to keep this measure constant.
Denoting by 7,°, average type-specific income taxes, by 7., consumption taxes, by 7, all
capital income taxes, by 7,7 all inheritance taxes, and by P public pension and pre-old

age social security expenditures, fiscal sustainability is ensured by the following condition

\Ije
S X (T + T + T+ T — %) Atny
g =
, B |
27:1 Ze (1 + n)T

Here, n denotes a constant population growth rate that we incorporate to match the slow-
down of fertility. Whatever policy instrument we consider, any reform generally affects all
the revenue and expenditure terms on the right-hand side - some directly and others in-
directly. The requirement of fiscal sustainability introduces feedback effects in the policy
analysis. On the one hand, pension policy affects both choices and the budget. In turn,
choices affect the budget and vice versa. Hence, we let taxes and choices converge to their

steady-state levels following each reform.

2.5.2 Bequest

Within the related quantitative literature on pension system reform, most papers do not
explicitly account for the redistribution of unclaimed savings of the dead. We argue that
disregarding bequest is restrictive for policy analysis, as it mechanically tips the scales in
favor of pension schemes that internalize the biological return. To avoid such limitations, we
model an internally consistent level of education-specific bequest. We assume that children
receive bequest from ages T; through T,. Specifically, we assume that an individual of a
specific education rank inherits the mean unclaimed savings of its probabilistic education-
rank ancestors. That is, if parents with education type €’ have probability prob (ele’) of

having a child with education type e, the bequest given to children of this type is given by

E (af) (1 —y¢) 0
R<]‘ - Tb) ZZZI ZeprOb (6|6,) ( )((1 —I—TL)T) :
f—&-l - \1176_
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Note that 7, is an inheritance tax, which we calibrate according to the Danish tax code. We
use administrative data to link parents to their children. We then compute a Markov matrix
containing education switching probabilities. To be consistent with the split by equally sized
groups of education rank, we impose the additional restriction that the switching matrix
is doubly stochastic. Table 2.3 contains the resulting transition probabilities for the 1950

cohort of parents and their children.

Table 2.3: Education Transition Matrix

Parent rank

Child rank 1 2 3

1 0.431352 0.345354 0.223294
0.324353 0.372327 0.303320

3 0.244295 0.282319 0.473386

Notes: Parents are born in 1950, and children are born between 1965 and 1990. Education ranks are constructed at
age 30. The Markov matrix is doubly stochastic, implying that both rows and columns sum to one. Thus, transition
probabilities are consistent with the definition by tertiles.

Much like the sustainability criterion for public finances, preserving resources through
accidental bequest introduces feedback effects between individual choices and the aggregate
level of bequest. To overcome this, we again require all individual choices and aggregate
variables to converge for every policy. In practice, we implement a convergence loop around

the solution and simulation algorithms.

2.5.3 Welfare Measurement

When evaluating the welfare effects of public policy, one could potentially consider welfare
for each education group at every age. However, we focus on welfare behind the veil of igno-
rance, i.e., before individuals learn their education type. This welfare measure amounts to
average welfare over the groups when entering the economy. However, as we want to describe
the socioeconomic aspects of pension reform, we also compute welfare after individuals learn
their type but before they observe any income shocks. Furthermore, as it is difficult to in-
terpret welfare changes in utility terms, we compute the compensating variation (CV) for
each policy relative to the reform that delivers the least average welfare. Intuitively, the CV
is the amount an average individual would require as compensation at birth to support the
worst policy. We pick this measure over constant consumption equivalent measures as it is
not straightforward to clean expected utility for uncertain labor/retirement decisions and
taste shocks. Recalling Section 2.2.2, we add a positive constant, u, to the instantaneous

utility function. The constant does not affect individual decisions but merely ensures a
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positive value of life when doing welfare analysis. We calibrate this parameter to match
empirical and legal estimates of the value of statistical life (VSL) in Denmark of 4, 185, 000
USD (31 million DKK), (see Traaholt et al., 2016).

2.5.4 Evaluating Fiscal Pressure

As a benchmark, we first examine the effect of demographic change on individual decisions,
social welfare, and the public budget by allowing residual government consumption to de-
crease in the new steady state. We refer to this as the unfinanced steady state. For all the
other cases where the government must run a balanced budget, we show the required policy
changes in 2.4. For the unfinanced steady state and all subsequent policy experiments, we
list the average and education-specific responses in voluntary savings, total savings (i.e.,
voluntary savings plus occupational pension wealth), labor supply, and welfare in Tables
2.5 through 2.8. Note that we report the results from all policy experiments relative to the
outcomes of the tax reform, which provides the worst welfare outcomes for all education
groups.

Intuitively, an increase in longevity puts upward pressure on voluntary savings for given
retirement decisions. At the same time, a longer life also leaves room for an extended work
life. An additional year of working increases lifetime labor income, which tends to increase
voluntary saving. However, it also means fewer retirement years, lowering the desire to save.
Going from the old to the new equilibrium, the response in both voluntary savings and labor
is positive for all education groups. Naturally, the increase in labor is further associated
with an increase in FF pension wealth. Combined with the voluntary saving surge, this
increases total savings.

The old-age dependency ratio increases pension expenditure in the government budget.
At the same time, the overall increase in labor income tends to increase the tax base and,
thereby, helps to ease the fiscal burden. Moreover, demographic change affects the consump-
tion tax, the capital tax, the inheritance tax, and public expenditures on pensions and social
security. In Table 2.12 in the appendix, we list how the demographic change affects each
budget component. The combined result is a decrease in residual government consumption
by 3.2% , indicating that demographic change threatens fiscal sustainability. For welfare,

Table 2.8 contains the CV measure associated with each policy for every education group.

12VSL represents the amount agents are willing to pay to reduce mortality risk. One can easily derive
this measure by total differentiation of the value function

8‘/;5 (mt7wt)
- 0
VSLt (mt) = 8‘/} (mt,wt) .
3mt
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As expected, given that utility and the value of life are positive, the welfare effect of an

increase in longevity is also positive.

Table 2.4: Required Policy Change

Baseline SS New SS Change
Tax increase, T 10.65% 12.04% 1.39 p.p.
Retirement age increase, 7). 65 69 4 years
Decreasing the benefit, p 22,099 USD 19,747 USD -10.6%
Increasing FF contri., ¢ [0.12, 0.12045, 0.1263] [0.136, 0.137, 0.143] 13.6%

Notes: The increase in the retirement age also comes with a lower tax rate, 79, of 10.36% .

2.5.5 Increasing the Tax Rate

As the first policy instrument, we adjust income taxes to finance the extra expenditure on
public old-age pensions and pre-old-age social security. Specifically, we increase the average
tax rate to balance the budget without changing tax progressivity. We find that the average
tax has to increase by 1.39 percentage points to 12.04%.

Compared to the unfinanced steady state, increasing the average tax rate lowers lifetime
income, implying a negative income effect on voluntary savings for all education groups. Es-
pecially early in life, the increase in taxes forces more agents into the borrowing-constrained
corner. In the estimated model, average voluntary savings decrease by 0.59%. Average
labor increases by approximately 0.87% percentage points in response to the tax increase.
This is the result of two competing effects. First, a higher tax rate makes individuals poorer
and, hence, they can afford less leisure. On the other hand, a negative substitution effect
exists as the relative price of leisure decreases. In the estimated model, the substitution
effect dominates, such that people retire later than in the unfinanced steady state. In total,
this results in a slight decrease in total wealth for all education groups. The change in labor
supply feeds back to the public budget through a larger income tax base and an associated
downtick in expenditures on pre-old-age benefits. Regarding redistribution, ceteris paribus,
the tax reform lowers disposable income for everyone, but more so for high-income individ-
uals. That is, increasing the tax rate preserves redistribution to some extent. Furthermore,
a higher tax rate decreases after-tax pension benefits for everyone.

Compared to the remaining reforms, the tax reform yields the lowest welfare for all
education groups. Accordingly, we use the tax reform as an anchor to compare outcomes
across reforms. That is, we standardize the CV measure of welfare to 0 USD for the tax
reform. Despite the adverse welfare effects of the reform, welfare is still higher than before
the demographic change. This is a reminder that a longer life is not necessarily a threat to

social welfare, despite the fiscal challenges it may pose.
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2.5.6 Increasing the Retirement Age

In a second policy experiment, we adjust the retirement age in one-year increments until
the budget is in surplus. Subsequently, we balance the budget by lowering the tax rate.
In doing so, we find that an increase in the retirement age by 4 years combined with a
slight reduction in taxes is enough to restore residual government consumption. Notably,
balancing the budget requires a retirement age increase which is larger than the increase
in expected lifetime. This owes to three effects. First, the new retirement age also reflects
the increase in the old-age dependency ratio through fertility. Second, as preferences for
leisure do not change, agents do not adjust their labor supply one-for-one with a change
in the statutory retirement age. In extension, some agents respond to the change by going
on early-retirement benefits. Laun et al. (2019) document a similar substitution of old-age
benefits for pre-old-age benefits. Third, the fact that we simultaneously lower the tax rate
shows that the required change would be less than 4 years in a continuous-time model.

From a life-cycle perspective, a higher retirement age puts upward pressure on voluntary
savings. All else constant, individuals must shift part of their income to later ages to
compensate for missing public pensions. Simultaneously, the loss of lifetime income implies
a negative income effect on savings, as the individual has a smaller budget to save from.
However, the total response in savings also depends on the labor effect of the reform. If
individuals work more, income increases, exerting a positive income effect on savings and a
negative substitution effect, shifting income forward in time. In addition, the labor response
influences public finances through a feedback effect on the tax base. If individuals elect not
to work, the feedback effect on public finances further depends on whether or not they
claim the pre-old-age benefit as a backlash to reform. Compared to the baseline tax reform,
increasing the retirement age reform leads to higher voluntary savings within all education
groups. Regarding labor, the retirement age reform provides participation rates similar to
the tax reform. As a result, total wealth is greater for all education groups than under the
tax reform.

In terms of welfare, increasing the retirement age lowers the net present value of total
public pension benefits for everyone. However, those with low education or bad income
shocks lose the most, as they would be eligible for higher means-tested benefits each year.
Nonetheless, the retirement age reform leads to better welfare outcomes for all education
groups than increasing the tax rate. To see this, the average CV measure is 3,882 USD.
Intuitively, this is the minimum compensation the average individual would require to accept
the tax reform over the retirement age reform. The education-specific CV is lowest for the
lowest education group and highest for the middle group. For most reforms, there is a
tendency for the low-education group to have the lowest CV. This group works less, pays

less taxes, and relies more on public benefits. Thus, they require a smaller compensation to
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accept a tax reform that keeps public benefits intact.

2.5.7 Decreasing Benefits

In a third experiment, we balance the budget by proportionally adjusting the base amount,
po, and the supplement, p;. We find that benefits have to decrease by 10.6% to ensure
sustainability.

Lowering benefits affects voluntary savings in two ways. First, lower benefits imply a loss
of income, exerting a negative income effect on savings. At the same time, consumption-
smoothing motives imply that an individual must save more to maintain old-age consump-
tion. Thus, the overall sign and size of the response depend on competing effects. The
reform also affects labor supply through two channels. First, the individual could try to
offset the loss of pension income by staying longer in the labor market. Second, a lower
supplement shifts more people to a part of the benefit schedule where the penalty rate is
zero. Hence, the marginal penalty for labor income and pension wealth is smaller, improv-
ing labor incentives. In the estimated model, the benefit reform leads to higher voluntary
savings than the tax reform. However, voluntary saving is not nearly as high as for the
retirement age reform. Average labor supply is comparable to the tax and retirement age
reforms. However, the sign and size of the difference between reforms vary over education
groups. Total wealth is higher for all groups compared to the tax reform. However, the
average total wealth is lower than under the retirement age reform.

Lowering the base benefit lowers the expected present value of public pension benefits
for everyone. However, lump-sum decreases matter more for poor individuals in welfare
terms. Thus, there are adverse effects on average welfare by limiting redistribution between
education groups and, by extension, decreasing income insurance coverage. Lowering the
supplement limits redistribution and insurance even further by taking resources from those
who rely most on the supplement. However, welfare is higher for all education groups com-
pared to the tax and retirement age reforms. The average individual requires compensation
to the tune of 4,813 USD to accept the tax reform over the benefits reform. The positive
welfare implications go through several channels. First, it directly reduces turnover in the
return-dominated public pension scheme. Furthermore, although there is still considerable
redistribution across education groups, the insurance loss is limited as public pensions are

already high, and as income risk is only transitory.

2.5.8 Increasing Contributions to FF Pensions

As another means to achieve fiscal sustainability, we increase FF pension contributions

to lower public pension expenditure indirectly via means testing. In this experiment, the
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contribution rates must increase by 13.6% to ensure sustainability. Thus, education-specific
contribution rates increase to [0.136,0.137,0.143].

Saving in annuities via the FF scheme provides a higher return and better longevity
insurance than voluntary savings. This represents a positive wealth effect. At the same time,
increasing contribution rates defers individual income to later in life. Thus, the increase in
forced savings crowds out voluntary savings and, thereby, bequest income. This represents
a loss of income. In the estimated model, we find that the former effect dominates, such
that individuals become wealthier. The increase in wealth allows individuals to consume
more and enjoy more leisure. In the estimated model, the contribution rate reform implies
the lowest voluntary savings and labor supply of any reform under consideration. However,
total wealth increases because forced savings crowd out voluntary saving less than one-to-
one. In total, the contribution rate reform has the highest average welfare of all the reforms

considered for all education groups. To be precise, the average CV measure is 6, 765 USD.

Table 2.5: Aggregate Voluntary Savings

Education

Low Middle High Average
Baseline SS 0.9774 0.9563 0.9402 0.9551
New SS, unfinanced 1.0451 1.0445 1.0374 1.0417
Fiscally sustainable policies
Tax increase, 1.0 1.0 1.0 1.0
Retirement age increase, 7). 1.1575 1.1475 1.1188 1.1381
Decreasing the benefit, p 1.0679 1.0891 1.09 1.084
Increasing FF contri., ¢ 0.9666 0.9456 0.9271 0.9433

Notes: Savings are measured relative to the new tax-financed steady state.
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Table 2.6: Aggregate Total Savings

Education

Low Middle High Average
Baseline SS 0.9418 0.9374 0.9343 0.9373
New SS, unfinanced 1.0069 1.0066 1.0047 1.0059
Fiscally sustainable policies
Tax increase, 7y 1.0 1.0 1.0 1.0
Retirement age increase, 7). 1.0404 1.0355 1.0243 1.0321
Decreasing the benefit, p 1.0167 1.0234 1.0256 1.0226
Increasing FF contri., ¢ 1.0875 1.0814 1.0751 1.0804

Notes: Savings are measured relative to the new tax-financed steady state.

Table 2.7: Aggregate Labor Supply

Education
Low Middle High Average
Fiscally sustainable policies
Tax increase, T 1.0 1.0 1.0 1.0
Retirement age increase, T, 1.0053 0.9998 0.9933 0.9993
Decreasing the benefit, p 0.9984 1.0008 1.0038 1.0011
Increasing FF contri., ¢ 0.9886 0.9886 0.9887 0.9886

Notes: Labor is measured as total labor supply relative to the new tax-financed steady state.

Table 2.8: Welfare

Education
Low Middle High Average
Fiscally sustainable policies
Tax increase, T 0 0 0 0
Retirement age increase, 7). 2,867 5,070 4,065 3,882
Decreasing the benefit, p 4,842 5,912 3,971 4,813
Increasing FF contri., ¢ 7,032 9,109 4,745 6,765

Notes: Welfare is measured as the compensating variation, CV, relative to the new tax-financed steady state. CV is
measured in 1,000 USD.
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2.6 Conclusion

Throughout this paper, we study a set of counterfactual pension reforms that restore fiscal
sustainability in the face of demographic pressure. We document how each reform affects
individual decisions and welfare. For our analysis, we build a structural life-cycle model with
heterogeneous agents and several sources of idiosyncratic risk. The institutional setup of the
model includes a public pay-as-you-go scheme and a mandatory fully-funded pension scheme
that interact through means testing. We use Denmark as our laboratory, as the Danish
government collects high-quality micro data on all its citizens. This data first allows us to
estimate a series of model parameters outside the model using econometric methods. Second,
we can use this data to pin down unobserved preference parameters through structural
estimation, targeting moments of labor supply and wealth at different ages and education
levels.

Using the estimated model, we find that different reforms affect individuals differently.
Most notably, an increase in contributions to mandatory fully-funded pensions yields the
highest average welfare. The relative welfare gains stem from the fully-funded scheme giving
access to fair annuities that are missing in private markets. These annuities offer a high re-
turn and longevity risk insurance. Furthermore, this particular reform limits the importance
of a return-dominated pay-as-you-go scheme. Consequently, individuals become wealthier,
leading to increased consumption and leisure. In combination, the positive welfare effects
outweigh two negative effects. Firstly, the indirect reduction of the pay-as-you-go system
results in a decrease in redistribution and income insurance. Secondly, the mandated savings
within the fully-funded system crowd out bequest income.

Out of the remaining policies, using the tax rate as an instrument to balance the gov-
ernment budget is the most detrimental to welfare, as it maintains a pay-as-you-go scheme
with low returns and makes the young more borrowing constrained. Meanwhile, increasing
the retirement age is slightly better for welfare than increasing taxes, whereas cutting ben-
efits provides decent welfare outcomes. These insights should be of interest to all countries
considering pension system reforms in response to population aging. In this context, our
results on using the fully-funded scheme to lower public pension expenditure through means
testing deserve special attention.

Throughout this paper, we have evaluated policies exclusively based on steady-state
comparisons. As an avenue for future research, it would be interesting to examine the per-
formance of the different reforms along the transition path between steady states with differ-
ent demographics. Moreover, one could add more household heterogeneity, e.g., permanent
labor income risk and financial return risk, thereby increasing the scope for redistribution

and income insurance.
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Appendix A: Reannuitizing Pension Wealth

At the beginning of a retirement period, the pension wealth in the individual account is ;.
After accounting for the current benefit f;, the individual account holds w; pension wealth.

Writing pension wealth forward, we have:

Wip1 = Wer1 — fre1 (Wes)

W41 = Rt+1wt

Tomorrow’s pension benefit comes about by annuitizing w;,;. Using the motion equation
for beginning-of-period pension wealth allows us to express the future pension benefit in

terms of current pension wealth net of benefits:

- w
Jra1 (W) = d i
T

Z _ S
T=t+1 H;‘—:t+1 Rj

According to standard annuity principles, the benefit is constant. Hence, we can carry the

benefit computed at retirement as a state variable. However, for computational ease, we
use that annuitizing at retirement is equivalent to re-annuitizing remaining pension wealth
in every period. To see this, we annuitize the remaining pension wealth one period ahead

USing wt+2 = Rt+2wt+1:

- w
Jra2 (Wig2) = ez i
T

Z _ S
T=t+2 H;‘—:t+2 Rj

where:

Wipr = wy | Ry — 1
>t T

T=t+1 T
Hj:t+1 Rj

such that f; o equals fi11:

- )
Jit2 (ng) = d 1
T

Z _ e
T=t+1 H;‘—:H_l Rj
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Appendix B: Forecasting Mortality Rates

We produce coherent forecasts for sub-population mortality for all education groups using
a standard Li and Lee, 2005 model, which builds on the well-known Carter and Lee, 1992
model. The Lee-Li model reads:

log (mia) =af + B K + Bik] + €, (2.1)

where af denotes a time-stationary pattern over the life cycle for group g. Moreover, B,
is an age-dependent slope parameter, which is multiplied by a time-dependent process K.
Together, they are the Lee-Carter estimates for the general population. Finally, 89 and &
allow for subgroup slopes to deviate from the general population. For forecasting purposes,

K; follows a random walk with drift,
K,=c + K1 +e, (2.2)
Here, e; X N (0,02). Furthermore, x{ follows a trend-stationary AR(1) with a constant,
k) = co + VIR + vy, (2.3)

where vy YN (0,02%). Stationarity rules out random divergence in subgroup mortality,
while the presence of a constant allows some group differences to persist in the long run.
In line with Li and Lee (2005), we assume that the error terms are independent. To esti-
mate the model in practice, we first produce general-population Lee-Carter estimates and
subsequently compute the group-specific Lee-Li estimates, using singular value decomposi-
tion alongside a standard bias correction. To produce group-specific forecasts, we forecast
the unit root processes for the common term and the auto-regressive process for individual
subgroups. Figures 2.8 and 2.7 depict estimated and forecasted mortality rates and the life

expectancy at age 40 for each education group.
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Appendix C: Additional figures
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Figure 2.9: Means-tested Pensions in OECD countries. Source: OECD, 2021
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Figure 2.13: Consumption and Saving, Low Education
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Appendix D: Additional Policy Experiments

In addition to the reforms considered in the main paper, this section conducts a few extra

policy experiments.

D1: Decreasing the Base Benefit

In the first additional experiment, we balance the budget by adjusting the base amount
of public pensions, pg, alone. The base benefit must decrease by 24.8% to keep residual
government consumption unchanged.

Lowering the base amount exerts a negative income effect on savings. At the same time,
lower survival-contingent benefits mean that the individual needs to save more to maintain
old-age consumption. Thus, the sign and size depend on competing effects. A similar line
of reasoning applies to labor supply. In the estimated model, lower benefits lead to larger
savings compared to the baseline tax policy, but lower than when decreasing the retirement
age. Average labor supply, on the other hand, changes only slightly.

Regarding welfare, the expected present value of public pension benefits decreases for
everyone. However, as lump-sum decreases matter more for poor individuals in utility
terms, this adversely affects average welfare by limiting redistribution between education
groups and, by extension, decreasing income insurance coverage. However, lowering the
pension benefit seems rather effective for welfare with a CV measure of 4,645 USD. The
positive welfare implications owe to the public PAYG scheme being return dominated. Thus,
when lowering the benefit, the government has to finance less expenditure inefficiently.
Furthermore, the insurance loss is likely to be negligible as public pensions are already high,

and as we do not model any permanent or even persistent income shocks.

Before After Change
Decreasing the base benefit, pg 9,715 USD 7,304 USD -24.8%
Decreasing the supplement, p; 12,384 USD 10,087 USD -18.5%
Increasing income-testing, 7 30.9% 42.3% 11.4 p.p.

Notes: The increase in the retirement age also comes with a lower tax rate, 79, of 10.36% .

D2: Decreasing the Supplement

Another way to balance the budget is to decrease the pension supplement, p;. This requires
the supplement to decrease by 18.5%.

Reducing the supplement affects voluntary savings in two ways. First, consumption-
smoothing motives cause upward pressure on savings in the face of decreasing old-age in-

come. Second, the income effect on savings is negative. The reform also affects labor supply
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through two channels. First, the individual could try to offset the loss of pension income by
working more. Second, as the penalty is unchanged, the reform shifts more people to a part
of the benefit schedule where the penalty rate is zero. Hence, extra labor income and extra
pension wealth will be penalized less, improving labor incentives. In the estimated model,
a lower supplement leads to slightly higher savings than when lowering the base amount.
At the same time, labor force participation is higher than compared to all other reforms.
Regarding welfare, the supplement reform limits redistribution and insurance by taking re-
sources from those who rely the most on the supplement. However, due to considerable
improvements in labor incentives, welfare is higher for all education groups compared to
all of the reforms considered so far. Individuals require compensation to the tune of 4,999

USD relative to the tax reform.

D3: Increasing Means Testing

As an alternative to adjusting benefits, the government could balance the budget by in-
creasing the penalty rate, m. This approach necessitates an increase in the penalty rate
from 0.309 to 0.423.

Stronger means testing directly decreases incentives to save because of the negative
income effect and because public pensions are means tested on capital income. On the
other hand, consumption smoothing motives work to increase savings when pension income
declines in response to more means testing. At the same time, a higher penalty rate reduces
the incentive to work, as labor income is channeled into the funded scheme where it is
eventually paid out as FF pension benefits, increasing means testing of public pension
benefits on income from funded pensions. The model predicts that an increase in the
penalty rate results in average voluntary savings slightly higher than when decreasing the
supplement. The penalty rate reform results in the lowest savings of any reform, except
for the reform that increases FF pension contributions. Like the supplement reform, the
penalty rate reform provides relatively strong labor incentives. However, whereas labor
supply increased at all education levels under the supplement reform, the penalty rate
reform lowers labor supply for the least educated compared to the tax reform.

In terms of welfare, a higher penalty rate tends to lower redistribution and insurance.
This is because the policy hits low-income individuals the hardest. While low-income indi-
viduals tend to be on the means-tested part of the benefit schedule, those with high incomes
are already at zero supplements and cannot be means tested further. However, the overall
welfare response is almost as good as when lowering the supplement. The average CV mea-
sure is 4,825 USD. Again, the observed welfare response likely has to do with arguments of

return dominance and limited scope for redistribution and insurance.
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Table 2.9: Welfare of All Reforms

Education
Low Middle High Average

Baseline SS -6,339 -11,509 -6,659 -7,846
New SS, unfinanced 9,148 11,079 6,570 8,783
Fiscally sustainable policies

Tax increase, 0 0 0 0
Retirement age increase, T, 2,867 5,070 4,065 3,882
Decreasing the base benefit, pg 4,722 5,739 3,767 4,645
Decreasing the supplement, p; 4,962 6,100 4,217 4,999
Increasing income-testing, m 5,187 5,768 3,774 4,825
Decreasing the benefit, p 4,842 5,912 3,971 4,813
Increasing FF contri., ¢ 7,032 9,109 4,745 6,765

Notes: Welfare is measured as the compensating variation, CV, relative to the new tax-financed steady state. CV is
measured in 1,000 USD.

Table 2.10: Aggregate Voluntary Savings of All Reforms

Education

Low Middle High Average
Baseline SS 0.9418 0.9374 0.9343 0.9373
New SS, unfinanced 1.0069 1.0066 1.0047 1.0059
Fiscally sustainable policies
Tax increase, 7y 1.0 1.0 1.0 1.0
Retirement age increase, 7). 1.0404 1.0355 1.0243 1.0321
Decreasing the base benefit, pg 1.0169 1.0234 1.0245 1.0221
Decreasing the supplement, p; 1.0167 1.0237 1.0268 1.0232
Increasing income-testing, 7 1.0166 1.0254 1.0279 1.0241
Decreasing the benefit, p 1.0167 1.0234 1.0256 1.0226
Increasing FF contri., ¢ 1.0875 1.0814 1.0751 1.0804

Notes: Savings are measured relative to the new tax-financed steady state.

78



Table 2.11: Aggregate Labor Supply of All Reforms

Education

Low Middle High Average
Baseline SS 0.9631 0.963 0.9641 0.9634
New SS, unfinanced 0.9906 0.9911 0.9924 0.9914
Fiscally sustainable policies
Tax increase, g 1.0 1.0 1.0 1.0
Retirement age increase, T} 1.0053 0.9998 0.9933 0.9993
Decreasing the base benefit, pg 0.9983 1.0001 1.0013 0.9999
Decreasing the supplement, p; 0.9987 1.0018 1.0062 1.0023
Increasing income-testing, 7 0.9914 0.9969 1.0092 0.9994
Decreasing the benefit, p 0.9984 1.0008 1.0038 1.0011
Increasing FF contri., ¢ 0.9886 0.9886 0.9887 0.9886

Notes: Labor is measured relative to the new tax-financed steady state.

Table 2.12: Government Budget Components

g p 7, Ta 7. T,
Baseline SS 17,443 3,796 11,795 2,696 5,673 31
New SS, unfinanced 16,883 4,448 12,378 2,897 6,026 29
Fiscally sustainable policies
Tax increase, 1 17,443 4,429 13,031 2,880 5,931 29
Retirement age increase, 7). 17,443 3,591 12,029 2,973 5,998 34

Decreasing the base benefit, pg 17,443 3,678 12,164 2,944 5,978 34
Decreasing the supplement, p; 17,443 3,765 12,231 2,947 5,996 34
Increasing income-testing, 7 17,443 3,719 12,196 2,945 5,986 34
Decreasing the benefit, p 17,443 3,710 12,188 2,950 5,981 34
Increasing FF contri., ¢ 17,443 4,205 12,476 3,112 6,036 24

Notes: This table shows government budget components per capita in USD. G is the residual government con-
sumption, and, Pr are public pension and pre-old-age social security expenditures 7, . are income taxes, 7., are
consumption taxes, 7, . are capital income taxes, and, 7, . are inheritance taxes.
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Chapter 3

Redistribution in Public Pensions:

Evidence from Denmark

Frederik Bjgrn Christensen & Tim D. Maurer

Abstract

We use 41 years of register data to document a significant loss of redistribution
in Danish public pensions when accounting for inequality in longevity. Our main
contribution is to deviate from the traditional approach of assessing redistribution
along the distribution of income alone. Rather, we consider an affluence measure,
which combines information on lagged income and wealth. Using this measure, we
first document substantial inequality in longevity. Second, we measure redistribution
in public pensions by comparing expected net present values of the implicit public
pension contract. We find that inequality in longevity subverts redistribution such
that net present values develop non-monotonically with afluence. Males in the middle
group are 26% better off than the least affluent males. Meanwhile, only the top 30%
males have lower net present values than their least affluent peers. Females of a specific
affluence rank have considerably higher net present values than similarly ranked males.
Compared to traditional measures of socioeconomic status, allocation by affluence is

a stronger separator of mortality and implies a larger loss of redistribution.
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3.1 Introduction

The public pension system is the largest public transfer program in most developed coun-
tries. For example, US Social Security accounted for close to 25% of federal tax revenue or
around 5% of GDP in 2020. In comparison, public pensions accounted for 12% of the fiscal
budget in Denmark in the same year. Although public pension schemes differ across coun-
tries, they typically aim to insure against longevity and income risk by providing annuities
and redistributing from the rich to the poor. However, one factor that limits redistribution
in public pensions is inequality in longevity. As longevity varies systematically with socioe-
conomic variables such as income, wealth, and education, advantaged groups tend to live
longer on public pension benefits.

In this paper, we develop a microsimulation model and apply it to 41 years of register
data to document a significant loss of redistribution through Danish public pensions when
accounting for inequality in longevity. Our main contribution to the literature on redis-
tribution in public pensions is to show that the estimated redistribution loss varies with
the allocation mechanism to socioeconomic groups. In the related literature, most papers
measure redistribution along the distribution of either income or education. In contrast,
we compute redistribution along the distribution of a so-called affluence measure, which
combines household income and wealth information.

Our main experiment has two components. First, we use full-population register data
between 1984 and 2020 to estimate mortality across affluence groups and genders. Second,
we evaluate redistribution by computing and comparing average, expected, net present
values (NPV) of the implicit public pension contract across groups for given forecasted
group-specific survival rates. In the second part, we track the pension contributions and
benefits of recently retired cohorts from 1980 to 2020 and forecast group-specific survival-
weighted net benefits. To compute future public benefits and contributions, we forecast
private old-age income, wealth, and civil status and feed this into a detailed model of the
tax and public pension benefit scheme.

We find that inequality in longevity implies that the estimated net present values develop
non-monotonically with affluence. Specifically, for a yearly discount rate of 3%, we find
that the NPV of the implicit public pension contract is hump-shaped along the affluence
distribution for men. Males in the middle of the affluence distribution have a 26% higher
NPV than males at the bottom. Only males in the top 30% of the affluence distribution
have lower NPVs than their least affluent peers. The hump shape is less pronounced for
females, with the least affluent females being approximately as well off as the middle class.
Only the most affluent females have a lower NPV than the least afluent males. In general,
females have significantly higher NPVs than males.

Inspired by the existing literature (see, e.g., Auerbach et al., 2017; Auerbach et al.,
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2019; Garrett, 1995; Liebman, 2001; Chetty et al., 2016), we then repeat the experiment
constructing socioeconomic groups by using an allocation mechanism that abstracts from
wealth but uses ten years of lagged income data. Despite the affluence index using only
a one-year lag, we document that mortality is more dispersed in affluence than in income.
Consequently, we also find a smaller redistribution loss when using lagged income.

Most of the related literature focuses on the Bismarckian US social security system,
where contributions are proportional while benefits depend on lifetime earnings. Thus, we
contribute to the literature by providing evidence from a Beveridgian pension system where
contributions are progressive while benefits are means tested on old-age income. Although
we use Danish data, our results are relevant for other countries where the public pension
system promotes redistribution. This is especially true in other countries with Beveridgian
pension systems, such as Japan, Canada, Australia, Ireland, Netherlands, Finland, and
Iceland. However, differential mortality also implies a redistribution loss in countries with
Bismarckian pension systems. This includes the US, the UK, Germany, Korea, Belgium,
Austria, France, Italy, Spain, Portugal, Sweden, and Norway.

Surely, these insights invite normative discussions on the fairness and merit of mandatory
public pensions. However, the subversion of redistribution does not necessarily imply that
public pensions are detrimental to social welfare or even welfare among the disadvantaged.
This is because public pensions provide insurance and a means to restore missing annuity
markets. Nonetheless, redistribution and insurance would improve by adopting policies
where funds in public pensions are annuitized, considering systematic differences in survival
probabilities

The remainder of the paper is organized as follows. First, Section 3.2 reviews the related
literature and points to some common shortcomings. Section 3.3 briefly outlines our exper-
iment and the register data used to conduct it. Section 3.4 introduces the framework for
estimating and forecasting mortality for gender-specific social classes. Section 3.5 describes
the assumptions and procedures used to compute public pension contributions and forecast
future individual public pension benefits to gauge redistribution in public pensions. Under
these assumptions, Section 3.6 presents results on the life-cycle profile of interaction be-
tween the individual and the government and the NPV of the implicit pension contract for
the different social groups. Finally, Section 3.7 concludes and discusses the merit of public
pension schemes in light of our findings. The appendix provides supporting information and

relevant robustness checks.
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3.2 Literature Review

Starting with Kitagawa and Hauser, 1973, many papers have already documented the exis-
tence of socioeconomic gradients in longevity. Most prominently, Chetty et al. (2016) show
a positive correlation between income and longevity over the entire income distribution in
the US. In another highly cited paper, Olshansky et al. (2012) document vast differences in
longevity by race and educational level. In a Danish context, Cairns et al. (2019) show that
the expected lifetime of males varies systematically with affluence, while Kallestrup-Lamb
et al. (2020) provides corresponding evidence for females. These results are, of course, in-
teresting in and of themselves. However, we go one step further and ask how systematic
differences in mortality affect the redistributive properties of public pension schemes. Sev-
eral papers have already conducted similar exercises but often focus on US Social Security
and rely on limited survey data.

In a recent paper, Auerbach et al. (2017) show that the life expectancy of men in the top
income quintile increased by seven years between cohorts born in 1930 and 1960, while life
expectancy stagnated for men in the lowest income quintile. They then estimate that this
increased the gap in lifetime social security benefits by USD 130,000 (in 2009 prices). In
a follow-up paper, Auerbach et al. (2019) argue that US Social Security leads to inequality
in remaining household lifetime consumption that is lower than that in income and wealth.
Using data from the 2016 Federal Reserve Survey of Consumer Finances, they document
high progressivity in the broader US tax and transfer system.

Garrett (1995) considers the 1925 birth cohort and computes net returns from interacting
with Old-Age Survivors Insurance (OASI) for given mortality differences between the bottom
20% and top 80% of the income distribution. He finds that differential mortality eliminates
the bulk of progressivity in OASI.

Liebman (2001) assesses redistribution in US social security, accounting for differential
mortality by education, sex, and race. He uses panel data on historical contributions to the
US Social Security system and predicts future benefits given current policy. To measure
the extent of redistribution, he then computes group-specific net present values (NPV), net
tax rates, and internal rates of interest (IRR) of the stream of discounted and mortality-
weighted benefits net of contributions. The paper concludes that net transfers decrease
slightly in income, indicating slight progressivity.

Coronado et al. (2011) use data on 1778 individuals from the Panel Study of Income
Dynamics (PSID) to evaluate the progressivity of the retirement portion of Social Secu-
rity. To this end, they consider net tax rates and Gini coefficients before and after taxes
and transfers. They do so under the assumption of a steady-state pension system. Thus,
all contributions and benefits are calculated based on the current pension system. They

introduce differential mortality by allocating individuals into quantiles of the lifetime in-
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come distribution and find that the progressivity of social security decreases slightly. They
consider household-level variables to avoid problems with non-working spouses of wealthy
individuals recorded at zero income.

Whitehouse and Zaidi (2008) provides a survey of papers on differential mortality in
isolation and as it pertains to public pensions. The paper also compares annuity rates of
pension schemes across income tertiles for the UK (BHPS), the US (PSID), and Germany
(Socio-economic Panel). The paper shows that the rich have higher annuity values than the
poor in all three countries as a natural consequence of living longer. Moreover, it verifies
the regularity that women live longer than men and that dispersion within male mortality
is higher than for females. The paper suffers from the usual data limitations associated with
small-sample panel surveys. Moreover, it does not consider differences in contributions and
benefits over time.

Brown et al. (2009) use PSID data to measure intragenerational redistribution in OASI.
As data is limited, they use econometric models to complete panels of income data in order
to determine social security contributions before retirement. In retirement, benefits are paid
out according to standard principles. In evaluating redistribution, benefits are weighted with
differential mortality rates by education and race. Despite observing vast differences in life
expectancy, they find that differential mortality matters only little for redistribution.

Goda et al. (2011) also assess the progressivity of the retirement portion of Social Security
by calculating IRRs and NPVs given differential mortality. They, too, impose a steady-
state assumption. Comparing this steady state to one derived under the assumption of
homogeneous mortality across subgroups, they show that a sizeable part of progressivity is
undone or even reversed by systematic differences in mortality.

Using a micro-simulation model, Goldman and Orszag (2014) find that differential mor-
tality could have first-order effects on the progressivity of Social Security and Medicare ben-
efits. To evaluate the progressivity of benefits, they assume a counterfactual, fixed-benefit
scheme for three cohorts and quantify the consequences of increasing gaps in mortality for
NPVs of Social Security for income quartiles. However, as they only consider simulated
benefits under a counterfactual scheme and disregard contributions, this does not speak to
the overall redistribution of Social Security for any actual cohorts.

Ayuso et al. (2017) instrumentalize the subversion of redistribution as an implicit tax.
The implicit tax rate is motivated by the annuity value of accumulated pension wealth but
reduces to a measure depending solely on life expectancy. They use this index to compute
implicit tax rates based on the longevity predictions by Whitehouse and Zaidi (2008). Thus,
they do not consider any forecasting exercises or conduct accounting exercises with actual
data on contributions and benefits.

Tan and Koedel (2019) use data from the Survey of Income and Program Participation

85



(SIPP) to predict Social Security contributions and benefits for cohorts of men born in the
second half of the 20th century, and calculate IRRs for race-education groups. They find
that OASI is only modestly progressive and that differential mortality is the main driver of
missing redistribution. They do, however, not account for redistribution across genders or
for spousal and survivor benefits.

Similar exercises have never been done for Denmark. In this paper, we do so using high-
quality Danish register data. Accordingly, we contribute to the literature on redistribution
in public pensions in two important ways: First, we provide evidence on the progressivity
of a public pension system other than US Social Security. Second, rather than relying on
survey data, we use high-quality administrative data covering many variables and allowing
us to track individual tax payments. Thus, we can estimate both contributions and benefits
to the pension system. Finally, as our main contribution, we use allocation according to an

affluence measure, which provides a stronger mortality separator.

3.3 The Data and The Experiment

In the main experiment, we use Danish register data to track individual public pension
contributions and benefits for recently retired cohorts. Based on a so-called affluence index,
we subdivide each cohort into gender-specific social groups, (s,g) € S x G. Here, G is a
set of genders, whereas S is a set of social groups. For details on this index, see Section
3.4. To assess redistribution in the Danish public pension scheme, we then compute and
compare the average expected NPV of the implicit pension contract across the affluence
groups. Expected NPV is the average of discounted streams of survival-weighted benefits
net of contributions over all members of a group:

95 5,9 5,9
B39 — C%9

]\[P‘/CS7 = S‘nggc,a—a_, 3.1

Here, r denotes a constant discount rate, B:J average benefits received by cohort ¢ at age
a, C2¢ average contributions paid, and 57 survival rates. To compute NPVs in practice,
we must first elicit these components for all individuals, both historically and in the future.
While we use realized survival before the end of the data, we use forecasted survival rates
for future years. The procedure used to estimate and forecast survival rates is described in
Section 3.4. Section 3.5 describes the method we use to elicit public pension contributions
and to forecast future means-tested pension benefits in detail.

At every turn, we make use of Danish register data. With register data, one can link
a large set of variables to each individual through an anonymized personal number (PNR)

via the Central Person Register. These features make register data ideal for conducting
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cross-section and panel-data studies, including many individuals, covariates, and time ob-
servations. The data also allows us to identify and track variables of partners and cohabi-
tants. This feature is useful as both pension benefits and taxes depend on variables at the
household level. In particular, we use information from the population register (BEF), the
income and wealth register (IND), the death register (DOD), the migration event register
(VNDS), the social-classification register (AKM), the wealth register (FORMGELD), the
pension wealth register (PENSFORM), and the register for social pensions (SOCP). Table
3.1 shows the relevant variables from each register.

The registers we use are available from 1980 to 2020 (41 years of data)'. Hence, we
cannot conduct a full cohort study, tracking contributions and benefits from cradle to grave.
Instead, our research design emulates a cohort study by ”completing” the data set using
both forecasting and backcasting. Thus, we face a trade-off in selecting which cohorts to
follow. If we consider young cohorts, we have good information on income during working
life and, thereby, pension contributions but relatively few observations on pension benefits
and deaths. Conversely, if we consider a generation that is relatively old at the start of
the data, we have limited information on pension contributions but more observations on
both pension benefits and deaths. To preserve political relevancy, we consider cohorts that
became eligible for retirement shortly before the end of the data in 2020. Thereby, the paper
is primarily an exercise in forecasting mortality and public pension benefits. Throughout
the remainder of the paper, we consider a baseline cohort born in 1952 as an illustrative
example. Members of this cohort are 67 at the end of the data and became eligible for
public pensions at 65. Hence, we have three years of pension eligibility and can backtest
the mechanisms used to forecast public pension benefits. For robustness, we run similar
experiments on cohorts 1951 and 1953. The results of the robustness checks are included in

Appendix C.

IBEF is only available from 1986.
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Table 3.1: Register Variables

Register DST variable name

Short description

BEF PNR Individual identification number
ALDER Age of individual
KOEN Gender
FOED_DAG Date of birth
AEGTE_ID Individual number of spouse
FAR_ID Individual number of father
MOR_ID Individual number of mother
CIVST Martial status
DOD  DODDATO Date of death
IND FORM Net wealth balance, excluding pension assets (-1997)
FORMREST_NY05 Net wealth balance, excluding pension assets (1997-)
SLUTBID Labor market contribution
QTILPENS Pension benefits from mandatory occp. funded scheme (ATP)
ERHVERVSINDK_13 Total taxable employment income (incl. self-employed income)
FORMUEINDK _BRUTTO Capital income
SKATMVIALT 13 Total taxes, labor market contributions and special pension
SKATTOT_ 13 SKATMVIALT_13 excluding labor market contributions
QTJPENS Civil servant’s pension
QANDPENS Occupational pension benefits (excl. QTJPENS)
OMFANG Level of tax liability
PRIVAT _PENSION_13 QANDPENS + QTJPENS + QTILPENS, tot. private pens.income
ARM  SOCIO13 Socioeconomic classification
SOCP GRUNDBELOEB Basic first pillar pension benefit
VNDS PNR Individual number
HAEND_DATO Date of migration
INDUD_KODE Indicator for leaving or entering DK

Notes: Please see https://www.dst.dk/en/ for more detailed variable descriptions.

3.4 Forecasting Mortality

This section describes the procedure to allocate individuals into social groups, how to com-
pute age-specific mortality rates for each group using register data, and how to use these to

produce differential mortality forecasts.

3.4.1 Creating Socioeconomic Groups

Producing mortality forecasts for gender-specific socioeconomic groups requires a well-
defined allocation mechanism. In the spirit of Cairns et al. (2019), we create equally sized
socioeconomic groups using an affluence measure, combining income and wealth informa-
tion. Like many other potential allocation mechanisms, allocation by affluence is likely to
reflect some degree of double causality or spuriosity. On the one hand, differences in af-
fluence lead to differences in health and, therefore, longevity. On the other, differences in

health may affect earnings potential. Alternatively, outside factors such as cognitive ability
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or preference may drive health and income simultaneously. In assessing redistribution in
public pensions, the direction of causation is not a major issue. Regardless, the result is
that disadvantaged individuals receive public old-age benefits for a shorter period.

For each individual, ¢, in some cohort, ¢, the affluence index at age a is defined as
household wealth W(f’a plus K times the moving averages of order n = 1 over household

2 As a robustness check, we consider different

labor income Y/, in the preceding year.
numbers of lags and find that this makes little difference for our mortality forecasts and
results on redistribution. The affluence index builds on household-level variables to avoid
stay-at-home individuals with wealthy partners being recorded at zero affluence, as discussed

in Brown et al., 2009. The affluence index reads:

Aa =Wea +K-YL, (3.2)

There are clear advantages to an allocation mechanism that incorporates lagged values of
both income and wealth. First, the lag structure and the inclusion of a wealth stock limit
volatility, making the allocation mechanism less prone to short-term fluctuations due to
temporary illness or unemployment. For the same reasons, it limits selection effects where
dying people of all walks of life are allocated to the lowest social groups due to income
changes occurring just before death. Second, we allocate individuals who live predominantly
on capital income to more appropriate social groups than would a mechanism solely based
on labor income.

We compute the afluence measure for every individual at a given age between a minimum
age, amin = 50, and a maximum age, a,,., = 95 at the beginning of each calendar year. As
such, we restrict our mortality data set to people that survive to .

Whereas papers such as Waldron, 2007 allocate individuals according to quantiles of the
earnings distribution, we allocate people according to quantiles of the affluence distribution.
Another option would be to allocate based on the length of education. However, we posit
that affluence ranking is more suitable, as it ensures equally sized groups. Affluence ranking
also avoids drift in the general level of education. In practice, we subdivide each cohort
into septiles (seven equally sized groups) of the affluence distribution®. For the cohorts
we consider, the cohort size at a,,;, is approximately 70.000. Thus, each gender-specific
socioeconomic group contains approximately 5000 individuals. The number of exposures
then declines with age as people gradually die off.

Following Cairns et al. (2019), individuals can move freely between affluence groups

until some lockdown age. After that, individuals stay in the group they were allocated

2Chetty et al. (2016) use a similar approach to allocate individuals to income groups based on income
but consider a lag of two years.

3The choice of septiles reflects a trade-off between granularity and having actual observations on both
exposure and deaths in every social group at every age in every calendar year.
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to at the lockdown age. Later, in evaluating the value of the implicit pension contract,
we assign appropriate survival rates to specific cohorts based on gender and socioeconomic
group affiliation at lockdown. We choose a specific lockdown age of @ = 55. The specific
choice of lockdown age reflects a trade-off between social group mobility and pre-retirement
mortality.* AS a4, is larger than @, some generations are already older than @ in the first
year that the register data is available. Therefore, it is not possible to lock all individuals
down at the desired lockdown age. Instead, we lock these cohorts down at the youngest age
we observe them in the register data.

For the affluence index to be a suitable allocation mechanism, affluence rank and social-
group affiliation should be reasonably persistent over the life cycle. To show persistence,
we compute rankings assuming no lockdown. Under this assumption, we illustrate persis-
tence/immobility in two different ways. First, we compute Kendall’s Tau rank correlations
at different lags and leads. Second, we construct Markov switching matrices at different lags
and leads. Appendix A shows the results, which indicate that current affluence rank and
social-group affiliation are good predictors for both past and future ranks. Hence, group
affiliation at 55 is a good predictor of quality of life. Provided that group affiliation cor-
relates with longevity, we can use affluence to allocate people into socioeconomic groups
with distinct mortality characteristics. As will become evident in the coming section, the

affluence index does so very efficiently.

3.4.2 Age- and Group-specific Mortality Rates

Mortality modeling requires exposure and death data at many ages in many calendar years.
Fortunately, register data allows us to identify yearly age-specific exposures and deaths each
year since 1985. The mortality data set includes ages a € [50,51,...,94,95], and calendar
years t € [1985,1986,...,2019,2020]. We use this data to compute age-specific mortality

rates.” The number of exposures within a social group, E}7, is then simply the number

of living individuals in subgroup (s, g) who are of age a in calendar year ¢. Similarly, we
5,9

denote group-specific deaths by D,’}. Age-specific mortality rates are then given by:

DY
=g (33)

As the registers do not record deaths abroad, we exclude individuals leaving or entering

Denmark within a calendar year.

4If we increase the lockdown age, we effectively restrict the sample to people who survive longer. Con-
sequently, we would lose information on individuals who die before the end of the data. On the other hand,
if we lower the lockdown age, people might move around in the affluence distribution.

5We are more precise than, e.g., the Human Mortality Database, which counts deaths according to the
age at the last birthday at the time of death.
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3.4.3 Forecasting Mortality Rates

To produce coherent sub-population mortality forecasts, we use a standard Li and Lee,
2005 model, which builds on the well-known Carter and Lee, 1992 model. The Lee-Li model
reads:

log (m¥) = a9 + B Ky + 89677 + €9 (3.4)

where o, denotes a time-stationary pattern over the life cycle for group i. Moreover, B, is an
age-dependent slope parameter which is multiplied by a time-dependent process K;. These
correspond to the Lee-Carter estimates for the general population. Finally, 8¢ and ;" allow
for subgroup slopes to deviate from the general population. For forecasting purposes, K;

follows a random walk with drift,
Ki=c1+ K1+ ey, (3.5)
Here, e; X N (0,02). Furthermore, x;* follows a trend-stationary AR(1) with a constant,
kY = co + IR + vs, gy, (3.6)

where vy YN (0,02). Stationarity rules out random divergence in subgroup mortality,
while the presence of a constant allows some group differences to persist in the long run. In
line with Li and Lee (2005), we assume that the error terms are independent. To estimate
the model in practice, we first produce general-population Lee-Carter estimates and sub-
sequently compute the group-specific Lee-Li estimates using singular value decomposition
alongside a standard bias correction. To produce group-specific forecasts, we forecast both
the unit root processes for the common term and the auto-regressive process for individual
subgroups.

Figure 3.1 depicts estimated and forecasted mortality rates and life expectancy at age 55
for each social group for both males (solid) and females (dashed). As expected, mortality
rates exhibit a downward trend over time for both males and females. Conversely, life
expectancy exhibits an upward time trend. Moreover, females live longer on average than
males. Longevity increases monotonically over the social groups, and the curves never cross
over within a gender. This speaks to the usefulness of the affluence index in capturing the

socioeconomic gradient in mortality.
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Figure 3.1: Mortality and Life Expectancy Projections at Age 55

-35

-4.0

-45 Gender
" — male
Q - female
T -50
2 Social class
8 1
£ -55
S -2
€ 3
=] 4

-6.0
3 -5

6
-6.5 -7
-7.0
1990 2000 2010 2020 2030 2040 2050
Year
(a)

36

34

32
> Gender
[
g 30 — male
S -~ female
S 28 .
i Social class
L 2 -1
| - 2
o
£ 24 3
k= 4
< -5

22
g 6
04 -7

20
18

16
1990 2000 2010 2020 2030 2040 2050

Year
(b)
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The affluence-longevity gradient is steepest at the bottom of the affluence distribution. In
other words, discrepancies tend to disappear at higher income levels; An empirical regularity
previously documented by, e.g., Cairns et al. (2019). For males, differences between affluence
groups are especially pronounced. In 2020, the least afluent 55-year-old men expect to live

to 76, while the most affluent expect to live to 85. As shown, the model predicts current
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discrepancies to remain largely unchanged for the foreseeable future. Comparing female
affluence groups, the picture is qualitatively similar to that of males. However, group-
specific life expectancies display less dispersion, particularly at the bottom of the affluence
distribution. This verifies another empirical regularity that female mortality is less dispersed
than male mortality. Given these mortality forecasts, we conduct a reduced-form accounting

experiment to evaluate the redistributive properties of public pensions in the next section.

3.5 Computing Net Public Pension Benefits

This section describes how we compute and forecast yearly net public pension benefits.
Understanding this procedure requires a basic understanding of the Danish pension system.
Thus, we continue with a brief overview.

Like many other pension systems, the Danish pension system consists of three pillars:
(1) public pensions, (2) mandatory occupational pensions, and (3) voluntary private pension
savings. We focus on public pensions in the first pillar. The public pension system is financed
on a pay-as-you-go (PAYG) basis and includes several different components that are all
means tested on either income or wealth and may also depend on civil status. Therefore, it is
essential to produce reliable forecasts for each variable. Moreover, we must make reasonable
assumptions regarding the future pension system, including the size of maximum amounts,

deductibles, and penalty rates. This is the aim of the subsequent subsections.

3.5.1 Forecasting Deaths of Partners

Civil status matters for public pension benefits in two ways. First, different maximum
amounts, deductibles, and penalty rates occasionally apply for singles versus couples. Sec-
ond, inherited wealth and income from inherited pension contracts may matter for means
testing of public pension benefits. Therefore, it is necessary to consistently forecast the
deaths of potential partners.® To this end, we reuse the mortality rates computed for dif-
ferent social groups and genders in Section 3.4 and apply them to partners. This approach
allows us to assign mortality rates to partners aged a,,;;, = 50 or above at the end of the
data. This assignment covers 99.7% of partners in the baseline cohort. For the remainder,
we assume that a very young (under a,,;) partner outlives the reference individual with
certainty. Under these assumptions, we simulate the deaths of partners of all ages, gen-
ders, and social groups by a binomial process. Upon the simulated death of a partner, the
reference individual inherits wealth and inheritable pension contracts according to default

principles. For details, see Sections 3.5.3 and 3.5.6. Simultaneously, the reference individual

6We assume that no divorces occur in old age. Thus, a relationship between two elderly partners only
terminates following the death of one partner.
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changes civil status from ”couple” to ”single”, becomes subject to less means testing, and

receives larger benefits.

3.5.2 Public Pension Benefits

To keep the analysis tractable, we focus on the three largest components of the first pillar;
(1) base amount (folkepensionens grundbelgb), (2) supplement (folkepensionstilleeg), (3)
elderly check (eldrecheck). All benefits are available after the statutory retirement age.
The retirement age is currently 65 for all cohorts born before 1954 but will increase with
expected lifetime for subsequent cohorts.

The yearly base amount was 78.216 DKK in 2020 and is practically a flat rate. However,
the base amount is reduced at a penalty of 30% with all labor income in excess of a fairly large
deductible. The supplement is subject to more means testing and depends on civil status.
The maximum supplement is currently set to 88.020 DKK for singles and 44.484 DKK for
each member of a couple. These amounts are then reduced at penalty rates with all income
(including non-labor income) that exceeds certain deductibles. However, despite the means
testing, the vast majority receive some supplement, while a slight majority receive the full
amount. The elderly check is targeted at the poorest pensioners, and the current maximum
amount is 18.400 DKK regardless of civil status. Again, this amount is reduced at a penalty
rate with all income (including non-labor income) above some deductible. Importantly,
receiving any amount of elderly check is conditional on liquid household wealth being less
than 91.900 DKK. This poses a potential challenge for the quality of our forecasted benefits,
as eligibility depends crucially on the predicted (dis)saving pattern.

To develop some intuition, Figure 3.2 depicts two stylized examples of how total public
pensions decrease with individual income. In both examples, the elderly check runs out
before the supplement and the base amount are reduced. After the elderly check is fully
eroded, the supplement begins to decrease. Whether or not the base amount is also reduced
depends on the nature of income. The base amount is only reduced if the individual earns
labor income in excess of a large deductible after formally retiring.

In forecasting benefits, we assume that all qualitative aspects of the pension system
will remain unchanged. Thus, we essentially assume that the relative generosity of public
pension benefits remains unchanged in the future. Specifically, we assume that maximum
amounts and deductibles grow with forecasted real GDP. On the contrary, we assume that
penalty rates will remain unchanged. This assumption seems reasonable, as penalty rates
have remained unchanged for many years.

For simplicity, we assume that the take-up rate for Folkepension is 100%. Meanwhile,
people who continue to work after retirement have their benefits reduced at the relevant

penalty rates. We do so knowing that it may be possible for some to postpone retirement
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Figure 3.2: Stylized lustration of Means Testing in First-pillar Pensions
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Notes: Panel (a) shows means testing in public pension benefits for an individual who lives alone and is eligible
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smaller than the threshold that would disqualify them from receiving seldrecheck.
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to receive larger pension benefits later in life. Thus, we are likely to induce an upward bias
in total pension benefits in the years immediately after the retirement age. Postponement
is particularly alluring to the rich and healthy. Thus, we will also likely introduce a bias
in the benefit distribution. We argue, however, that the bias is negligible for three reasons.
First, only 10% of people meet the requirements to seek postponed pensions in the first
place. Among those eligible, only one-third elect to postpone.” Second, the bias will likely
disappear with age, as more people will have left the labor market. Third, we disregard
increases in future pensions earned by postponing, thus counteracting the initial overestima-
tion of benefits immediately after retirement. Backtesting our model for predicting pension
benefits on 2018-2020 reveals that we overestimate the base amount by approximately 600
DKK or about 1%. Fortunately, however, we can use actual rather than predicted pension

benefits in this period.

3.5.3 The Second and Third Pension Pillars

In addition to public pension benefits, retirees may have income from private pensions in
the second and third pillars. Private pension benefits are important for the experiment, as
they can lead to reductions in the supplement and the elderly check as described in Section
3.5.2.

Second-pillar pensions consist of public labor market pensions (ATP) and occupational
pensions.® Although both are funded schemes, they differ in several respects. Public labor
market pension benefits are paid out as lifelong annuities. In the pension wealth register, we
observe the guaranteed individual benefit. Thus, we forecast by simply writing forward the
guaranteed amount indefinitely. Occupational pensions include contracts in pension funds,
banks, insurance companies and special pensions for civil servants. Particularly for contracts
in pension funds, banks, and insurance companies, we observe accumulated pension wealth
in the pension wealth register. We also observe the type of individual contracts (whether
the annuity has a finite or infinite horizon). Based on this, we forecast occupational pension
benefits by annuitizing each type of pension wealth according to standard principles. The
registers also contain information on civil servant pension wealth. For people who retire
fully before the last year of data, we predict future benefits by writing forward the current
benefits we observe. For people who do not retire fully, however, we again annuitize observed
pension wealth with payments starting the following year. In line with standard principles,
an individual inherits 71% of a partner’s potential civil servant pension.

The third pillar consists of private savings and voluntary pension arrangements. Al-

"ATP Report: Age 65-74
8ATP is essentially a public scheme. Thus, it is occasionally considered part of the first pillar. However,
as ATP serves no redistributive purpose, we consider it solely because it affects PAYG pension benefits.
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though less prevalent, these could still be important for means-tested benefits. Consequently,
we include third-pillar pension wealth in the experiment. We forecast third-pillar benefits

using techniques similar to those applied for second-pillar benefits.

3.5.4 Public Pension Contributions

We need both historical and forecasted contributions to compute expected net interactions
between the individual and the pension scheme over the life cycle. In this context, it is
important to note that contributions are "hidden” in general taxes. To gauge hidden con-
tributions, we suppose that the public pension scheme runs a balanced budget. Under this
assumption, we elicit contributions based on the expenditure share of public pensions. That
is, for in-sample years, we multiply actual tax payments with actual government expenditure
shares to compute individual contributions. Conversely, we rely on predicted tax payments,
public pension expenditures, and budget shares for out-of-sample years. To predict future
contributions, we let the budget expenditure shares increase over time to account for the in-
creasing fiscal pressure due to demographic change. In practice, contribution rates gradually
increase from 12% to 14%, as projected by the Danish Ministry of Finance.

If an individual has a spouse or a cohabiting partner, we assume that contributions
are shared equally within the household. In the main experiment, we also assume that
income taxes on government transfers contribute fully to the public pension scheme. This
assumption implies that we consider a partial study of redistribution in the public pension

system, given that all other government programs are fair.

3.5.5 General Tax System

To compute future contributions to the public pension scheme, we rely on forecasted tax
payments. Hence, we create a comprehensive model of the Danish tax system. Here, many
different deductibles and tax rates come into play. We abstract only from items that are
generally irrelevant to pensioners. As with the pension system, we assume that all tax
deductibles grow with nominal GDP. Meanwhile, all tax rates remain unchanged. For
capital income taxes, we subdivide capital income into income on equity and non-equity
income. We do this as equity income is taxed separately from all other income. Given the
listed assumptions and forecasted income series, we then compute the total contribution as
the predicted total tax payment times the predicted expenditure share for Folkepension, as

described in the previous section.
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3.5.6 Forecasting Income and Wealth

To keep things simple, we assume that real annual wage (provided that the individual has
any at the end of the data) decreases linearly from retirement to age 72. At this age, only
approximately 5% of individuals in previous cohorts were still active in the labor market in
some capacity.

For wealth, we assume that household wealth stays unchanged going forward. This
captures the fact that many people do dis-save in retirement. This is particularly true for
the highest social classes, where wealth typically remains high after retirement. At the other
end of the spectrum, the poor have no significant savings and can hardly dis-save. Only
for the middle class, the assumption of unchanged wealth is somewhat unrealistic, as we do
see significant dissaving within this group. Nevertheless, this effect is largely irrelevant in
predicting future pension benefits as household wealth only matters for the elderly check,
which does not target the middle class in the first place. As household wealth is constant,
we assume that household wealth income also remains constant. This assumption may be
less innocuous, as wealth income reduces the supplement and factors into taxable income,
determining pension contributions. Thus, we might understate net benefits for the middle
class.

For the baseline cohort, income and tax data is available only from age 27. As this cohort
consists predominantly of people with little education, it is reasonable to assume that most
members contributed to the pension system earlier in life. Hence, we backcast income and
taxes before the age of 27. In doing so, we take into account average wage growth at young
ages. We also use data on the individual length of education to account for well-educated

individuals working and contributing for fewer years.

3.6 Results

We consider two different methods to assess the impact of the affluence-longevity gradient
on redistribution in old-age pensions. First, we compute and compare the average expected
net interactions for different social groups on a yearly basis. We do so, assuming both full-
population and group-specific survival rates. Second, we compute the expected NPV of net
interactions with the pension scheme for each group, assuming different discount rates. The
NPV method also allows us to compute and compare each group’s internal rate of interest

(IRR) of the public pension scheme.
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3.6.1 Life-cycle Profile of Contributions and Benefits

To provide an overview of the individual interaction with the pension system, Figure 3.3
depicts the life-cycle profile of the real average annual net interaction for both males and
females for groups 1, 4, and 7. To highlight the significance of mortality for expected
future pension benefits, we do so both with and without correcting for mortality risk in our
forecasts of expected net benefits.

Before the statutory retirement age, the representative individual in every group con-
tributes to the scheme. Contributions grow over time, reflecting increases in taxable income
over the life cycle, real wage growth, and increasing expenditure shares for public pension
over time. Naturally, more affluent social groups make larger contributions, as they have
more taxable income on average. By similar arguments, females generally contribute less
than males.

After the statutory retirement age, the representative individual in every group begins
to receive benefits. Here, means testing implies that more affluent social groups receive
smaller benefits conditional on survival. Survival-contingent benefits increase over time for
all groups due to projected increases in maximum amounts, decreasing means testing due
to the forecasted decreases in labor income, and a gradual transition to single-individual
households due to the simulated deaths of partners.

However, mortality risk decreases the expected benefit for every age group. As the
cumulative survival rate falls with age, expected benefits eventually go to zero. Importantly,
inequality in mortality implies that benefits decrease faster among the least affluent social
groups. This tendency eventually leads to cross-overs in expected benefits, such that more
affluent people expect larger annual benefits than their less affluent peers. This provides a
useful preliminary illustration of the mechanisms that mitigate redistribution. As women
generally live longer than men, the expected benefits are generally higher for women.

Thus, the life-cycle profiles illustrate that men tend to subsidize women via the public
pension system for three reasons: Women i) contribute less, ii) receive higher benefits condi-
tional on survival, and iii) tend to survive for longer receiving benefits. Later, we introduce
more formal decompositions of the NPV to elaborate on the relative importance of these

three channels across affluence rank and gender.

3.6.2 NPV and IRR of the Implicit Public Pension Contract

Using the definition in Section 3.3, we can compute the expected NPV of the implicit public
pension contract. Figure 3.4 shows expected NPVs of different social groups for a spectrum
of the discount rate. Subfigure 3.4a shows results for males, while Subfigure 3.4b shows

results for females. For each group, the intersection with the zero line identifies the group-
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Figure 3.3: Real Annual Net Public Pension Benefits
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Notes: Panel (a) shows the yearly real net public pension benefits, once weighted with the survival probability (solid
line) and once none weighted (dashed line), of males born in 1952 and belonging to different social classes. Panel
(b) shows the same for females.
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specific IRR. This is defined as the constant discount rate that drives the expected NPV of
the implicit public pension contract to zero. In that sense, it can also be interpreted as a
return requirement. The IRR is a "relative” measure.” Thus, if one cash flow has a higher
IRR than another, this does not necessarily imply that the absolute return is higher at every
other discount rate. With this property in mind, the figure holds several valuable insights.
First, IRRs decrease monotonically with affluence for females. For males, on the other hand,
the picture is somewhat muddier. Here, the IRR is approximately the same for groups 1
to 4 but then decreases with affluence for the remaining groups. Thus, it is reasonable to
say that male IRRs are weakly decreasing in affluence. In isolation, this bodes well for the
redistribution through public pensions both for males and females. However, even though
the IRR measure indicates weakly positive redistribution, inequality in longevity still implies
a loss of redistribution compared to the counterfactual with equal longevity.

For males, the group-specific NPV curves cross over for several social groups. This pat-
tern reveals that the pension scheme is more likely to favor the middle and upper classes
over the poor if the discount rate is relatively low. A qualitatively similar pattern applies to
females. However, in comparison, NPVs are generally higher for females. The pension sys-
tem generally favors females over similarly ranked males regardless of the discount rate. The
crossing over of NPV curves begs the question of the appropriate discount rate. Throughout
the remainder of the paper, we use a discount rate of 3% and depict the expected NPV of
all groups and genders relative to the lowest social group of men as shown in Figure 3.5.
At this discount rate, starting with males, NPVs develop non-monotonically across the af-
fluence distribution. Specifically, males in the middle of the affluence distribution have a
26% higher NPVs than males at the bottom. Only males in the top 30% of the affluence
distribution have lower NPVs than their least affluent peers. For females, the hump shape
is less pronounced, with the least affluent females being approximately as well off as the
middle class. In general, females have significantly higher NPVs than males. Only the most
affluent females have a lower NPV than the least affluent males.

In Appendix B, we derive a decomposition of differences in NPVs relative to the least
affluent men. Here, we decompose the total difference into contributions from differences
in benefits, contributions, longevity, and a residual. Figure 3.6 shows this decomposition
graphically for affluence groups 3 and 7 both for males and females. Panel (a) shows that
males in group 3 contribute more and benefit less than the least affluent males. However,
at the same time, they live sufficiently long on benefits to have a positive premium. The
residual is negligible. The picture is somewhat similar for the most affluent males in group
7, as shown in Panel (b). However, the most affluent males benefit much less and contribute

much more. They also live much longer lives. However, for this group, differences in

9To see this, imagine that some groups make no contributions but still receive public pensions. In that
case, the IRR would be infinite by definition.
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Figure 3.4: Expected NPV for Different Discount Rates
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Notes: Panel (a) shows the mortality weighted NPV (see equation 3.1) of the public pension contract of males born
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102



Figure 3.5: Expected NPV Relative to Men in Lowest Social Class (for r=3%)
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Notes: The chart shows the NPVs relative to men in the lowest social class for the cohort born in 1952.

survival are not large enough to overturn the two negative effects. As shown in Panel (c),
the picture is qualitatively similar for females in group 3. However, females contribute less,
benefit more, and live longer than males in a similar affluence group. Panel (d) shows that
the most afluent women in group 7 contribute more and benefit less than their less affluent

peers while gaining more from higher longevity.
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Figure 3.6: Decomposition of NPV Differences Relative to Least Afluent Men
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Notes: This figure plots a statistical decomposition of differences in expected NPVs relative to the least affluent
men. The total relative difference is decomposed into differences in benefits, contributions, and longevity.

3.6.3 Income vs. Affluence

So far, we have considered redistribution solely across the affluence distribution. In the fol-
lowing, we adopt the traditional approach of measuring redistribution over the distribution
of lagged income to highlight the importance of the allocation mechanism. Thus, we repeat
the entire analysis while allocating individuals to socioeconomic groups based on lagged,
ten-year averages of household labor income. Using this allocation mechanism, Figure 3.7
depicts remaining life expectancies at age 55 for males and females. Comparing this to its
affluence-based counterpart in Figure 3.1a, we now predict less dispersion in longevity. For
instance, the difference between the most and the least affluent males in 2019 has decreased

from ten to nine years. For women, the corresponding numbers are approximately eight and
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six years. Consequently, and in line with the arguments of Section 3.4, we conclude that

affluence is a stronger separator of mortality than labor income.

Figure 3.7: Remaining Life Expectancy at 55 by Income Group
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When using allocation by lagged labor income, our results for redistribution in the
public pension system also change. As shown in Figure 3.8, using lagged income rather
than affluence, we find less subversion of the redistribution among males, although the NPV
profile is still hump-shaped. For women, as depicted in Figure 3.9, the NPV profile becomes
monotonic, displaying positive redistribution over the entire distribution of lagged income.
Hence, while there is still a redistribution loss due to differences in longevity, it is smaller
than documented along the affluence distribution. Overall, the observed differences illustrate
that the choice of allocation mechanism plays a role when assessing the redistribution loss

caused by inequality in longevity.
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Figure 3.8: Affluence vs Income, Expected NPV Relative to Males in Group 1 (r=3%)
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Notes: The chart shows NPVs relative to men in group 1 for the cohort born in 1952 along affluence and income
groups.
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Figure 3.9: Affluence vs Income, Expected NPV Relative to Memales in Group 1 (r=3%)
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Notes: The chart shows NPVs relative to males in group 1 for the cohort born in 1952 along affluence and income
groups.

3.7 Conclusion

In this paper, we quantify the loss of redistribution in the Danish public pension system
caused by inequality in longevity. As the first step, we estimate and forecast mortality rates
for different socioeconomic groups based on an affluence measure that combines information
on income and wealth. This exercise verifies the empirical regularity that mortality differs
systematically across socioeconomic groups and genders. Moreover, our forecasts predict
differences in mortality to persist over the coming years. In a subsequent accounting exercise,
we compute and compare NPVs and IRRs of the implicit pension contract for different
socioeconomic groups, using forecasted survival, income, wealth, and civil status to compute
expected net benefits.

We find that NPVs develop non-monotonically across the affluence distribution. That
is, the worth of the pension contract does not always decline with higher affluence. Hence,

we conclude that inequality in longevity partially subverts redistribution in public pensions.
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Nonetheless, there is redistribution from the rich to the poor and the middle class. We also
find that females gain substantially more from public pensions than their male counterparts.
This is true as females, on average, contribute less through income taxes, benefit more from
means-tested transfers, and live longer on public pension benefits.

We conduct two additional exercises to distinguish the drivers of differences in NPVs.
First, we show that means-tested benefits contribute to positive redistribution conditional on
survival. However, weighing benefits with group-specific survival rates completely subverts
redistribution in expected terms. Second, we decompose differences in NPVs relative to
the least affluent males into differences in contributions, survival-contingent benefits, and
longevity.

Drawing inspiration from the literature, we replicate the main experiment by employing
a group allocation measure that abstracts from wealth. Instead, we base socioeconomic
status solely on labor income. Specifically, we group individuals according to a lagged ten-
year average of household labor income. We show that mortality exhibits less dispersion in
lagged average labor income than in affluence. As a result, we find a smaller redistribution
loss over the lagged average labor income distribution.

So far as this is possible, we refrain from making normative statements. Nonetheless, we
emphasize that our results do not necessarily imply that the public pension scheme is welfare-
reducing. Any evaluation of the welfare consequences would also have to include a trade-off
between returns, insurance, myopia, and distortions of individual choices. Moreover, one
could argue that it is okay for the old-age pension system to exhibit little or even negative

redistribution as long as other schemes provide progressive social assistance.
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Appendix A: Testing The Affluence Index

It is evident that the affluence index performs well in separating groups with distinct mor-
tality patterns. However, to provide some additional insights into the index, this section
describes some of its properties in the given sample. First, to characterize the persistence of
the affluence index, Table 3.2 and 3.3 shows Kendall’s Tau rank correlations of individual
affluence ranks for the baseline cohort at different leads and lags and for both genders. A

Tau of —1 signifies perfect inversion, 0 Independence, and 1 perfect coherence.

Age | 45 50 25 60 65
45 1

50 [0.64 1

55 | 054 065 1

60 | 045 052 0.62 1

65 031 035 042 052 1

Table 3.2: Kendall’s Tau - Men

Age | 45 50 25 60 65
45 1

50 [ 0.65 1

25 (053 064 1

60 |0.41 048 058 1

65 032 035 041 050 1

Table 3.3: Kendall’s Tau - Women

To illustrate persistence in a different way, Table 3.5 shows a Markov switching matrix
containing probabilities of switching to and from social groups between the age of 50 and

55. As the numbers illustrate, individuals are very likely to stay in their original group or

S. class 1 2 3 4 5 6 7 Total

1 70.69 14.03 529 330 213 143 3.14 100.00
2 16.02 4494 18.99 10.21 4.76 297 2.09 100.00
3 0.25 2247 39.58 1785 7.92 466 2.27 100.00
4 2.63 898 21.55 38.67 1877 6.83 2.5 100.00
5 1.69 472 814 2145 40.14 19.28 4.58 100.00
6 096 295 424 651 2185 46.83 16.64 100.00
7 275 189 221 201 442 1799 68.72 100.00

Total 14.29 1429 14.29 14.29 14.29 14.29 14.28 100.00
N 34824

Table 3.4: Switching Matrix for Men between 50 and 55
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S. class 1 2 3 4 5 6 7 Total

61.18 2395 832 298 109 0.72 1.75 100.00
18.64 2541 29.97 1748 5.07 255 0.88 100.00
11.55 18.07 20.58 23.93 20.60 3.46 1.80 100.00
6.18 1537 16.42 19.67 27.21 1341 1.73 100.00
2.71  10.53 1149 19.35 1945 31.34 5.13 100.00
1.56 5.69 814 1149 17.00 33.50 22.63 100.00
1.21 192 516 460 8.63 13.83 64.65 100.00

N O Ol W N

Total 14.29 14.29 1428 14.29 14.28 14.29 14.28 100.00
N 33632

Table 3.5: Switching Matrix for Men between 55 and 60

switch to neighboring groups. Jumping several groups is, however, unlikely. Table 3.5 shows
transition probabilities between ages 55 and 60. Here, the pattern is qualitatively similar,

but persistence is somewhat smaller in quantitative terms.
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Appendix B: Details on NPV

Rewriting equation 3.1 and suppressing notation for cohort and gender, the NPV of some

group s in the baseline cohort can be written as:

s s 1 NI
NPV 33217 l; 1 +r x 1| Nz—64 + 9626851|67N 1§7 (1 + T)x_64
Here, S% € (0,1) denotes realized individual survival rates for everyone before the last year
of the data. Conversely, S;|67 denotes group-specific, forecasted survival rates conditional
on surviving to the last year of observation at age 67. Before the end of the data, NI}
denotes realized net interactions while it denotes forecasted net interactions after the end
of the data. To shed some light on the drivers of differences in NP Vs relative to the poorest

men, we decompose differences in NPV into four terms:

95
Ss,g _ Sl,m NIl,m Sl,m B59 — Bl,m _ Sl,m Cs,g _ Cl,m
ANPVS9 — Z( T T ) z T O ( x 1_641 ) T ( T x )+Es,g (37)
2=17 (1+r)

The first term captures differences due to differential mortality rates. The second and third
terms capture differences in benefits and contributions, respectively. The fourth term is an

error.
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Appendix C: Robustness Check for More Cohorts

Figure 3.10: Robustness: Expected NPV Relative to Men in Lowest Social Class (for r=3%)
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NPVs relative to men in lowest social class for cohort 1951 and 1953.
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—in an age of strategic and structural
transitions 1939-1988

Lars Pynt Andersen

The Rhetorical Strategies of Danish TV
Advertising

A study of the first fifteen years with
special emphasis on genre and irony

Jakob Rasmussen
Business Perspectives on E-learning

Sof Thrane

The Social and Economic Dynamics
of Networks

— a Weberian Analysis of Three
Formalised Horizontal Networks

Lene Nielsen

Engaging Personas and Narrative
Scenarios — a study on how a user-
centered approach influenced the
perception of the design process in
the e-business group at AstraZeneca

S.J Valstad
Organisationsidentitet

Norsk ph.d., ej til salg gennem
Samfundslitteratur
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Thomas Lyse Hansen
Six Essays on Pricing and Weather risk
in Energy Markets

Sabine Madsen
Emerging Methods — An Interpretive
Study of ISD Methods in Practice

Evis Sinani

The Impact of Foreign Direct Inve-
stment on Efficiency, Productivity
Growth and Trade: An Empirical Inve-
stigation

Bent Meier Sgrensen
Making Events Work Or,
How to Multiply Your Crisis

Pernille Schnoor

Brand Ethos

Om troveerdige brand- og
virksomhedsidentiteter i et retorisk og
diskursteoretisk perspektiv

Sidsel Fabech

Von welchem Osterreich ist hier die
Rede?

Diskursive forhandlinger og magt-
kampe mellem rivaliserende nationale
identitetskonstruktioner i @strigske
pressediskurser

Klavs Odgaard Christensen
Sprogpolitik og identitetsdannelse i
flersprogede forbundsstater

Et komparativt studie af Schweiz og
Canada

Dana B. Minbaeva

Human Resource Practices and
Knowledge Transfer in Multinational
Corporations

Holger Hgjlund

Markedets politiske fornuft

Et studie af velfeerdens organisering i
perioden 1990-2003

Christine Mglgaard Frandsen
A.s erfaring
Om mellemvaerendets praktik i en

29.

2005

10.

transformation af mennesket og
subjektiviteten

Sine Ngrholm Just

The Constitution of Meaning

— A Meaningful Constitution?
Legitimacy, identity, and public opinion
in the debate on the future of Europe

Claus J. Varnes

Managing product innovation through
rules — The role of formal and structu-
red methods in product development

Helle Hedegaard Hein
Mellem konflikt og konsensus
— Dialogudvikling pa hospitalsklinikker

Axel Roseng

Customer Value Driven Product Inno-
vation — A Study of Market Learning in
New Product Development

Sgren Buhl Pedersen
Making space
An outline of place branding

Camilla Funck Ellehave

Differences that Matter

An analysis of practices of gender and
organizing in contemporary work-
places

Rigmor Madeleine Lond
Styring af kommunale forvaltninger

Mette Aagaard Andreassen
Supply Chain versus Supply Chain
Benchmarking as a Means to
Managing Supply Chains

Caroline Aggestam-Pontoppidan
From an idea to a standard

The UN and the global governance of
accountants’ competence

Norsk ph.d.

Vivienne Heng Ker-ni
An Experimental Field Study on the
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19.

Effectiveness of Grocer Media
Advertising

Measuring Ad Recall and Recognition,
Purchase Intentions and Short-Term
Sales

Allan Mortensen
Essays on the Pricing of Corporate
Bonds and Credit Derivatives

Remo Stefano Chiari

Figure che fanno conoscere

Itinerario sull’idea del valore cognitivo
e espressivo della metafora e di altri
tropi da Aristotele e da Vico fino al
cognitivismo contemporaneo

Anders Mcllguham-Schmidt

Strategic Planning and Corporate
Performance

An integrative research review and a
meta-analysis of the strategic planning
and corporate performance literature
from 1956 to 2003

Jens Geersbro

The TDF — PMI Case

Making Sense of the Dynamics of
Business Relationships and Networks

Mette Andersen

Corporate Social Responsibility in
Global Supply Chains

Understanding the uniqueness of firm
behaviour

Eva Boxenbaum
Institutional Genesis: Micro — Dynamic
Foundations of Institutional Change

Peter Lund-Thomsen

Capacity Development, Environmental
Justice NGOs, and Governance: The
Case of South Africa

Signe Jarlov
Konstruktioner af offentlig ledelse

Lars Staehr Jensen

Vocabulary Knowledge and Listening
Comprehension in English as a Foreign
Language
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An empirical study employing data
elicited from Danish EFL learners

Christian Nielsen

Essays on Business Reporting
Production and consumption of
strategic information in the market for
information

Marianne Thejls Fischer
Egos and Ethics of Management
Consultants

Annie Bekke Kjaer

Performance management i Proces-
innovation

— belyst i et social-konstruktivistisk
perspektiv

Suzanne Dee Pedersen
GENTAGELSENS METAMORFOSE

Om organisering af den kreative garen
i den kunstneriske arbejdspraksis

Benedikte Dorte Rosenbrink
Revenue Management

@konomiske, konkurrencemeessige &
organisatoriske konsekvenser

Thomas Riise Johansen

Written Accounts and Verbal Accounts
The Danish Case of Accounting and
Accountability to Employees

Ann Fogelgren-Pedersen
The Mobile Internet: Pioneering Users’
Adoption Decisions

Birgitte Rasmussen
Ledelse i faellesskab — de tillidsvalgtes
fornyende rolle

Gitte Thit Nielsen

Remerger

— skabende ledelseskreefter i fusion og
opkab

Carmine Gioia
A MICROECONOMETRIC ANALYSIS OF
MERGERS AND ACQUISITIONS
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Ole Hinz

Den effektive forandringsleder: pilot,
paedagog eller politiker?

Et studie i arbejdslederes meningstil-
skrivninger i forbindelse med vellykket
gennemftarelse af ledelsesinitierede
forandringsprojekter

Kjell-Age Gotvassli

Et praksisbasert perspektiv pa dynami-
ske

leeringsnettverk i toppidretten

Norsk ph.d., ej til salg gennem
Samfundslitteratur

Henriette Langstrup Nielsen

Linking Healthcare

An inquiry into the changing perfor-
mances of web-based technology for
asthma monitoring

Karin Tweddell Levinsen

Virtuel Uddannelsespraksis

Master i IKT og Laering — et casestudie
i hvordan proaktiv proceshandtering
kan forbedre praksis i virtuelle leerings-
miljoer

Anika Liversage

Finding a Path

Labour Market Life Stories of
Immigrant Professionals

Kasper EImquist Jargensen
Studier i samspillet mellem stat og
erhvervsliv i Danmark under

1. verdenskrig

Finn Janning
A DIFFERENT STORY
Seduction, Conquest and Discovery

Patricia Ann Plackett

Strategic Management of the Radical
Innovation Process

Leveraging Social Capital for Market
Uncertainty Management

Christian Vintergaard
Early Phases of Corporate Venturing

10.

11.

Niels Rom-Poulsen
Essays in Computational Finance

Tina Brandt Husman

Organisational Capabilities,
Competitive Advantage & Project-
Based Organisations

The Case of Advertising and Creative
Good Production

Mette Rosenkrands Johansen

Practice at the top

— how top managers mobilise and use
non-financial performance measures

Eva Parum
Corporate governance som strategisk
kommunikations- og ledelsesvaerktgj

Susan Aagaard Petersen

Culture’s Influence on Performance
Management: The Case of a Danish
Company in China

Thomas Nicolai Pedersen

The Discursive Constitution of Organi-
zational Governance — Between unity
and differentiation

The Case of the governance of
environmental risks by World Bank
environmental staff

Cynthia Selin
\olatile Visions: Transactons in
Anticipatory Knowledge

Jesper Banghgj
Financial Accounting Information and
Compensation in Danish Companies

Mikkel Lucas Overby
Strategic Alliances in Emerging High-
Tech Markets: What's the Difference
and does it Matter?

Tine Aage

External Information Acquisition of
Industrial Districts and the Impact of
Different Knowledge Creation Dimen-
sions
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A case study of the Fashion and
Design Branch of the Industrial District
of Montebelluna, NE Italy

Mikkel Flyverbom

Making the Global Information Society
Governable

On the Governmentality of Multi-
Stakeholder Networks

Anette Grgnning

Personen bag

Tilstedeveer i e-mail som inter-
aktionsform mellem kunde og med-
arbejder i dansk forsikringskontekst

Jorn Helder
One Company — One Language?
The NN-case

Lars Bjerregaard Mikkelsen

Differing perceptions of customer
value

Development and application of a tool
for mapping perceptions of customer
value at both ends of customer-suppli-
er dyads in industrial markets

Lise Granerud

Exploring Learning

Technological learning within small
manufacturers in South Africa

Esben Rahbek Pedersen
Between Hopes and Realities:
Reflections on the Promises and
Practices of Corporate Social
Responsibility (CSR)

Ramona Samson

The Cultural Integration Model and
European Transformation.

The Case of Romania

Jakob Vestergaard

Discipline in The Global Economy
Panopticism and the Post-Washington
Consensus

10.

Heidi Lund Hansen

Spaces for learning and working

A qualitative study of change of work,
management, vehicles of power and
social practices in open offices

Sudhanshu Rai

Exploring the internal dynamics of
software development teams during
user analysis

A tension enabled Institutionalization
Model; “Where process becomes the
objective”

Norsk ph.d.
Ej til salg gennem Samfundslitteratur

Serden Ozcan

EXPLORING HETEROGENEITY IN
ORGANIZATIONAL ACTIONS AND
OUTCOMES

A Behavioural Perspective

Kim Sundtoft Hald
Inter-organizational Performance
Measurement and Management in
Action

— An Ethnography on the Construction
of Management, Identity and
Relationships

Tobias Lindeberg

Evaluative Technologies
Quality and the Multiplicity of
Performance

Merete Wedell-Wedellsborg

Den globale soldat

Identitetsdannelse og identitetsledelse
I multinationale militere organisatio-
ner

Lars Frederiksen

Open Innovation Business Models
Innovation in firm-hosted online user
communities and inter-firm project
ventures in the music industry

— A collection of essays

Jonas Gabrielsen
Retorisk toposleere — fra statisk ‘sted’
til persuasiv aktivitet
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Christian Moldt-Jgrgensen

Fra meningsles til meningsfuld
evaluering.

Anvendelsen af studentertilfredsheds-
malinger pa de korte og mellemlange
videregaende uddannelser set fra et
psykodynamisk systemperspektiv

Ping Gao

Extending the application of
actor-network theory

Cases of innovation in the tele-
communications industry

Peter Mejlby

Frihed og faengsel, en del af den
samme drom?

Et phronetisk baseret casestudie af
frigerelsens og kontrollens sam-
eksistens i vaerdibaseret ledelse!

Kristina Birch
Statistical Modelling in Marketing

Signe Poulsen

Sense and sensibility:

The language of emotional appeals in
insurance marketing

Anders Bjerre Trolle
Essays on derivatives pricing and dyna-
mic asset allocation

Peter Feldhitter
Empirical Studies of Bond and Credlit
Markets

Jens Henrik Eggert Christensen
Default and Recovery Risk Modeling
and Estimation

Maria Theresa Larsen

Academic Enterprise: A New Mission
for Universities or a Contradiction in
Terms?

Four papers on the long-term impli-
cations of increasing industry involve-
ment and commercialization in acade-
mia
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Morten Wellendorf
Postimplementering af teknologi i den
offentlige forvaltning

Analyser af en organisations konti-
nuerlige arbejde med informations-
teknologi

Ekaterina Mhaanna
Concept Relations for Terminological
Process Analysis

Stefan Ring Thorbjgrnsen

Forsvaret i forandring

Et studie i officerers kapabiliteter un-
der pavirkning af omverdenens foran-
dringspres mod @get styring og laering

Christa Breum Amhgj

Det selvskabte medlemskab om ma-
nagementstaten, dens styringstekno-
logier og indbyggere

Karoline Bromose

Between Technological Turbulence and
Operational Stability

— An empirical case study of corporate
venturing in TDC

Susanne Justesen

Navigating the Paradoxes of Diversity
in Innovation Practice

— A Longitudinal study of six very
different innovation processes — in
practice

Luise Noring Henler
Conceptualising successful supply
chain partnerships

— Viewing supply chain partnerships
from an organisational culture per-
spective

Mark Mau

Kampen om telefonen

Det danske telefonvaesen under den
tyske beszettelse 1940-45

Jakob Halskov

The semiautomatic expansion of
existing terminological ontologies
using knowledge patterns discovered
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2008

on the WWW - an implementation
and evaluation

Gergana Koleva

European Policy Instruments Beyond
Networks and Structure: The Innova-
tive Medicines Initiative

Christian Geisler Asmussen
Global Strateqy and International
Diversity: A Double-Edged Sword?

Christina Holm-Petersen

Stolthed og fordom

Kultur- og identitetsarbejde ved ska-
belsen af en ny sengeafdeling gennem
fusion

Hans Peter Olsen

Hybrid Governance of Standardized
States

Causes and Contours of the Global

Regulation of Government Auditing

Lars Bage Sgrensen
Risk Management in the Supply Chain

Peter Aagaard

Det unikkes dynamikker

De institutionelle mulighedsbetingel-
ser bag den individuelle udforskning i
professionelt og frivilligt arbejde

Yun Mi Antorini

Brand Community Innovation

An Intrinsic Case Study of the Adult
Fans of LEGO Community

Joachim Lynggaard Boll

Labor Related Corporate Social Perfor-
mance in Denmark

Organizational and Institutional Per-
spectives

Frederik Christian Vinten
Essays on Private Equity

Jesper Clement
Visual Influence of Packaging Design
on In-Store Buying Decisions

10.

11.

Marius Brostrgm Kousgaard

Tid til kvalitetsmaling?

— Studier af indrulleringsprocesser i
forbindelse med introduktionen af
kliniske kvalitetsdatabaser i specialloe-
gepraksissektoren

Irene Skovgaard Smith
Management Consulting in Action
Value creation and ambiguity in
client-consultant relations

Anders Rom

Management accounting and inte-
grated information systems

How to exploit the potential for ma-
nagement accounting of information
technology

Marina Candi

Aesthetic Design as an Element of
Service Innovation in New Technology-
based Firms

Morten Schnack

Teknologi og tveerfaglighed

—en analyse af diskussionen omkring
indfarelse af EPJ pa en hospitalsafde-
ling

Helene Balslev Clausen

Juntos pero no revueltos — un estudio
sobre emigrantes norteamericanos en
un pueblo mexicano

Lise Justesen

Kunsten at skrive revisionsrapporter.
En beretning om forvaltningsrevisio-
nens beretninger

Michael E. Hansen

The politics of corporate responsibility:
CSR and the governance of child labor
and core labor rights in the 1990s

Anne Roepstorff

Holdning for handling — en etnologisk
underseqgelse af Virksomheders Sociale
Ansvar/CSR
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Claus Bajlum
Essays on Credit Risk and
Credit Derivatives

Anders Bojesen

The Performative Power of Competen-
ce —an Inquiry into Subjectivity and
Social Technologies at Work

Satu Reijonen

Green and Fragile

A Study on Markets and the Natural
Environment

llduara Busta
Corporate Governance in Banking
A European Study

Kristian Anders Hvass

A Boolean Analysis Predicting Industry
Change: Innovation, Imitation & Busi-
ness Models

The Winning Hybrid: A case study of
isomorphism in the airline industry

Trine Paludan

De uvidende og de udviklingsparate
Identitet som mulighed og restriktion
blandt fabriksarbejdere pa det aftaylo-
riserede fabriksgulv

Kristian Jakobsen
Foreign market entry in transition eco-
nomies: Entry timing and mode choice

Jakob Elming
Syntactic reordering in statistical ma-
chine translation

Lars Brgamsge Termansen

Regional Computable General Equili-
brium Models for Denmark

Three papers laying the foundation for
regional CGE models with agglomera-
tion characteristics

Mia Reinholt
The Motivational Foundations of
Knowledge Sharing
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23.

24.
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Frederikke Krogh-Meibom

The Co-Evolution of Institutions and
Technology

— A Neo-Institutional Understanding of
Change Processes within the Business
Press — the Case Study of Financial
Times

Peter D. @rberg Jensen

OFFSHORING OF ADVANCED AND
HIGH-VALUE TECHNICAL SERVICES:
ANTECEDENTS, PROCESS DYNAMICS
AND FIRMLEVEL IMPACTS

Pham Thi Song Hanh

Functional Upgrading, Relational
Capability and Export Performance of
Vietnamese Wood Furniture Producers

Mads Vangkilde

Why wait?

An Exploration of first-mover advanta-
ges among Danish e-grocers through a
resource perspective

Hubert Buch-Hansen

Rethinking the History of European
Level Merger Control

A Critical Political Economy Perspective

Vivian Lindhardsen

From Independent Ratings to Commu-
nal Ratings: A Study of CWA Raters’
Decision-Making Behaviours

Gudrid Weihe
Public-Private Partnerships: Meaning
and Practice

Chris Ngkkentved

Enabling Supply Networks with Colla-
borative Information Infrastructures
An Empirical Investigation of Business
Model Innovation in Supplier Relation-
ship Management

Sara Louise Muhr
Wound, Interrupted — On the Vulner-
ability of Diversity Management



10.

11.

12.

13.

Christine Sestoft
Forbrugeradfserd i et Stats- og Livs-
formsteoretisk perspektiv

Michael Pedersen

Tune in, Breakdown, and Reboot: On
the production of the stress-fit self-
managing employee

Salla Lutz

Position and Reposition in Networks

— Exemplified by the Transformation of
the Danish Pine Furniture Manu-
facturers

Jens Forssbaeck
Essays on market discipline in
commercial and central banking

Tine Murphy

Sense from Silence — A Basis for Orga-
nised Action

How do Sensemaking Processes with
Minimal Sharing Relate to the Repro-
duction of Organised Action?

Sara Malou Strandvad

Inspirations for a new sociology of art:
A sociomaterial study of development
processes in the Danish film industry

Nicolaas Mouton

On the evolution of social scientific
metaphors:

A cognitive-historical enquiry into the
divergent trajectories of the idea that
collective entities — states and societies,
cities and corporations — are biological
organisms.

Lars Andreas Knutsen
Mobile Data Services:
Shaping of user engagements

Nikolaos Theodoros Korfiatis
Information Exchange and Behavior
A Multi-method Inquiry on Online
Communities
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Jens Albaek

Forestillinger om kvalitet og tveerfaglig-
hed pa sygehuse

— skabelse af forestillinger i leege- og
plejegrupperne angaende relevans af
nye idéer om kvalitetsudvikling gen-
nem tolkningsprocesser

Maja Lotz
The Business of Co-Creation — and the
Co-Creation of Business

Gitte P. Jakobsen

Narrative Construction of Leader Iden-
tity in a Leader Development Program
Context

Dorte Hermansen

“Living the brand” som en brandorien-
teret dialogisk praxis:

Om udvikling af medarbejdernes
brandorienterede demmekraft

Aseem Kinra
Supply Chain (logistics) Environmental
Complexity

Michael Ngrager

How to manage SMEs through the
transformation from non innovative to
innovative?

Kristin Wallevik
Corporate Governance in Family Firms
The Norwegian Maritime Sector

Bo Hansen Hansen
Beyond the Process
Enriching Software Process Improve-
ment with Knowledge Management

Annemette Skot-Hansen

Franske adjektivisk afledte adverbier,
der tager praepositionssyntagmer ind-
ledt med preepositionen a som arqu-
menter

En valensgrammatisk undersegelse

Line Gry Knudsen
Collaborative R&D Capabilities
In Search of Micro-Foundations
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Christian Scheuer
Employers meet employees
Essays on sorting and globalization

Rasmus Johnsen

The Great Health of Melancholy

A Study of the Pathologies of Perfor-
mativity

Ha Thi Van Pham

Internationalization, Competitiveness
Enhancement and Export Performance
of Emerging Market Firms:

Evidence from Vietnam

Henriette Balieu

Kontrolbegrebets betydning for kausa-
tivalternationen i spansk

En kognitiv-typologisk analyse

Yen Tran

Organizing Innovationin Turbulent
Fashion Market

Four papers on how fashion firms crea-
te and appropriate innovation value

Anders Raastrup Kristensen
Metaphysical Labour

Flexibility, Performance and Commit-
ment in Work-Life Management

Margrét Sigrun Sigurdardottir
Dependently independent
Co-existence of institutional logics in
the recorded music industry

Asta Dis Oladéttir

Internationalization from a small do-
mestic base:

An empirical analysis of Economics and
Management

Christine Secher

E-deltagelse i praksis — politikernes og
forvaltningens medkonstruktion og
konsekvenserne heraf

Marianne Stang Valand
What we talk about when we talk
about space:

10.

11.

12.

13.

14.

15.

End User Participation between Proces-
ses of Organizational and Architectural
Design

Rex Degnegaard

Strategic Change Management
Change Management Challenges in
the Danish Police Reform

Ulrik Schultz Brix

Veerdi i rekruttering — den sikre beslut-
ning

En pragmatisk analyse af perception
og synliggarelse af veerdi i rekrutte-
rings- og udveelgelsesarbejdet

Jan Ole Simila

Kontraktsledelse

Relasjonen mellom virksomhetsledelse
og kontraktshandtering, belyst via fire
norske virksomheter

Susanne Boch Waldorff

Emerging Organizations: In between
local translation, institutional logics
and discourse

Brian Kane

Performance Talk

Next Generation Management of
Organizational Performance

Lars Ohnemus

Brand Thrust: Strategic Branding and
Shareholder Value

An Empirical Reconciliation of two
Critical Concepts

Jesper Schlamovitz
Handtering af usikkerhed i film- og
byggeprojekter

Tommy Moesby-Jensen

Det faktiske livs forbindtlighed
Farsokratisk informeret, ny-aristotelisk
NBoc-teenkning hos Martin Heidegger

Christian Fich

Two Nations Divided by Common
Values

French National Habitus and the
Rejection of American Power
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Peter Beyer

Processer, sammenhangskraft

oq fleksibilitet

Et empirisk casestudie af omstillings-
forleb i fire virksomheder

Adam Buchhorn

Markets of Good Intentions
Constructing and Organizing
Biogas Markets Amid Fraqility
and Controversy

Cecilie K. Moesby-Jensen

Social leering og feelles praksis

Et mixed method studie, der belyser
leeringskonsekvenser af et lederkursus
for et praksisfeellesskab af offentlige
mellemledere

Heidi Boye

Fadevarer og sundhed i sen-
modernismen

— En indsigt i hyggefaeenomenet og
de relaterede fadevarepraksisser

Kristine Munkgard Pedersen
Flygtige forbindelser og midlertidige
mobiliseringer

Om kulturel produktion pa Roskilde
Festival

Oliver Jacob Weber

Causes of Intercompany Harmony in
Business Markets — An Empirical Inve-
stigation from a Dyad Perspective

Susanne Ekman

Authority and Autonomy
Paradoxes of Modern Knowledge
Work

Anette Frey Larsen

Kvalitetsledelse pa danske hospitaler

— Ledelsernes indflydelse pa introduk-
tion og vedligeholdelse af kvalitetsstra-
tegier i det danske sundhedsvaesen

Toyoko Sato

Performativity and Discourse: Japanese
Advertisements on the Aesthetic Edu-
cation of Desire
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32.
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Kenneth Brinch Jensen

Identifying the Last Planner System
Lean management in the construction
industry

Javier Busquets
Orchestrating Network Behavior
for Innovation

Luke Patey

The Power of Resistance: India’s Na-
tional Oil Company and International
Activism in Sudan

Mette Vedel

Value Creation in Triadic Business Rela-
tionships. Interaction, Interconnection
and Position

Kristian Tarning
Knowledge Management Systems in
Practice — A Work Place Study

Qingxin Shi

An Empirical Study of Thinking Aloud
Usability Testing from a Cultural
Perspective

Tanja Juul Christiansen
Corporate blogging: Medarbejderes
kommunikative handlekraft

Malgorzata Ciesielska

Hybrid Organisations.

A study of the Open Source — business
setting

Jens Dick-Nielsen
Three Essays on Corporate Bond
Market Liquidity

Sabrina Speiermann

Modstandens Politik
Kampagnestyring i Velfeerdsstaten.

En diskussion af trafikkampagners sty-
ringspotentiale

Julie Uldam

Fickle Commitment. Fostering political
engagement in 'the flighty world of
online activism’
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Annegrete Juul Nielsen
Traveling technologies and
transformations in health care

Athur Muhlen-Schulte

Organising Development

Power and Organisational Reform in
the United Nations Development
Programme

Louise Rygaard Jonas

Branding pa butiksgulvet

Et case-studie af kultur- og identitets-
arbejdet i Kvickly

Stefan Fraenkel

Key Success Factors for Sales Force
Readiness during New Product Launch
A Study of Product Launches in the
Swedlish Pharmaceutical Industry

Christian Plesner Rossing
International Transfer Pricing in Theory
and Practice

Tobias Dam Hede

Samtalekunst og ledelsesdisciplin

— en analyse af coachingsdiskursens
genealogi og governmentality

Kim Pettersson
Essays on Audit Quality, Auditor Choi-
ce, and Equity Valuation

Henrik Merkelsen

The expert-lay controversy in risk
research and management. Effects of
institutional distances. Studies of risk
definitions, perceptions, management
and communication

Simon S. Torp

Employee Stock Ownership:

Effect on Strategic Management and
Performance

Mie Harder
Internal Antecedents of Management
Innovation
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14.

15.

16.

17.

18.

Ole Helby Petersen

Public-Private Partnerships: Policy and
Regulation — With Comparative and
Multi-level Case Studies from Denmark
and Ireland
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