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Foreword

This dissertation is the result of my PhD studies at the Department of Economics at
Copenhagen Business School (CBS) as a member of the Pension Research Centre
(PeRCent). I had the privilege of completing my PhD studies as an employee of the
Central Bank of Iceland while having the liberty to travel to Copenhagen multiple times
a year. | express my gratitude to the Central Bank of Iceland for facilitating my PhD
studies and providing an excellent research atmosphere. I'm also grateful for the
support of PeRCent during my studies. There are many individuals that I would like to
mention, but | will start with the four that made the biggest impact on my PhD studies,
Svend, Gylfi, Filipe and Andy, all of which are co-authors of chapters of this
dissertation.

Svend E. Hougaard Jensen and | first met roughly six years ago when | approached
him as a potential supervisor for my MSc thesis. Svend has enforced my interest in
macroeconomics, cultivated my academic development and motivated me to pursue a
PhD. | sometimes get the impression that Svend has transferred the effort he once put
towards coaching tennis towards coaching me as an economist.

Gylfi Zoega has proved to be an excellent PhD supervisor. Our biweekly meetings
on Fridays at 5 pm (at which time | sometimes felt more like meeting over a pint of
beer) were both academically and personally rewarding as Gylfi’s supervision style is
to pepper serious academic topics with life lessons and creative perspectives.

Filipe “Chipi” Antonio Eslau Bonito Vieira, not only has a long name, but also has
a long personal history as my friend and fellow MSc and PhD student. Filipe and | have
a symbiotic relationship, we provide each other with thought provoking economic
discussions, collaborate on research and when in Denmark | usually sleep on his sofa.

On my many visits to Copenhagen we would usually start the day off by relaxing with



a cup of coffee watching a quiz show on TV with Filipe’s wife, Amalie, imagining
what the personal lives of the contestants are like. This has been an anchor to normality
in the stormy seas of PhD studies.

Andrew Hughes-Hallett collaborated with Svend, Filipe and me on a few projects
throughout my studies. Andy taught me unforgettable lessons about the realities of
academia and life in general. His cheerful attitude and excellent economic guidance
certainly put a positive spin on my PhD experience.

I would like to extend my gratitude to colleagues at the Central Bank of Iceland. In
general, the entire staff of the Economics and Monetary Policy Department have been
a source of support. 1 would especially like to thank Pérarinn G. Pétursson for his
interest in my PhD studies. Asgeir Danielsson, Elis Pétursson, Ludvik Eliasson, Olafur
0. Klemensson, Palmar borsteinsson and Onundur P. Ragnarsson have all proved to
be great conversation partners about the research topics of my dissertation. My close
colleagues at the Forecasting and Research Division, Lilja S. Kro, Magnus F.
Gudmundsson and Svava J. Haraldsdéttir, deserve my appreciation for their flexibility
and understanding throughout the duration of my studies. | would also like to give
credit to Gudjon Emilsson, Gunnar Gunnarsson, Pall b. Bjérnsson, Sigurdéur H.
Palmason and Telma Yr Unnsteinsdottir. They encouraged me during the low points
and celebrated with me during the high points of my studies. Without exception I’ve
been received positively by the staff of the Central Bank, for that | am truly grateful.
I’'m thankful for the advice Marias H. Gestsson, at the University of Iceland, provided
me. | would also like to thank Sveriges Riksbank and the supporting colleagues | got
to know there during my PhD internship in the autumn of 2019.

Finally, my family and friends have been a source of support and inspiration. My
wife Steinunn has always supported me in my studies, her unwavering belief in me has

spillover effects, boosting my own confidence. My parents, Sveinn and Anna béra have



always provided me with the advice and motivation to reach my fullest potential. Their
individual styles of guidance differ but their advice is perfectly complementary (much
like pop-corn and cola). My siblings, Inga and borri, have inspired me to never be
overcome by adversity. | have also been blessed with a supportive family-in-law, who
have taken a keen interest in my studies. | want to conclude by mentioning my Icelandic
and international friends, Amalie, Ana, Andrea, Birta, Davide, Erlend, Francesco,
Gunnar, Ingvar, isak, Jon Erlingur, Kiddi, Magnus, Priscilla, Ragnar, Rdbert, Svavar,
Viktor, Weronika and borsteinn Gunnar. Having the chance to goof around in good

company is the perfect antidote to PhD stress.
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Abstract

Demographic change is becoming increasingly important to the economic wellbeing
of industrialized countries. These changes bring with them a set of implications, among
which are the sustainability of public finance, pension- and social security systems.
These implication cause a response, the span of which can range from pension reforms
and fiscal policy to the individual’s life cycle plan. Understanding the economic
implication of these demographic changes is instrumental to a sound resolution of the
issues they spark. This dissertation is composed of four independent chapters, all of
which are concerned with the economic implications of demographic change.

Chapter one, “Sustainable fiscal strategies under changing demographics”,
develops an overlapping generations model to evaluate, first, the steady state growth
maximizing level of public debt around which an economy needs to stabilize; second,
how the optimal level of public debt varies as a function of key population parameters;
third, how fiscal rules designed to stabilize the economy around that debt level need to
vary with the population parameters; and, fourth, how well the model performs as a
reasonable and plausible representation of the advanced economies that face fiscal
strain and deteriorating demographics. The main conclusion is: despite diminished
fiscal space and flexibility due to deteriorating population parameters, a relatively
benign steady state is feasible and available under mild fiscal restraints. The bigger
problem will be how to get there without financial or fiscal breakdowns along the way.
We offer some political economy perspectives on how best to manage that risk.

Chapter two, “Reform and Backlash to Reform: Longevity Adjustment of the
Retirement Age”, uses an overlapping generations model, ad modum Blanchard-Yaari,
to analyse the effects of retirement reform on labour supply, and found there is not a

one-to-one relationship between an increase in the statutory retirement age and the



corresponding increase in aggregate labour supply: Rather, a backlash effect is
observed, where a reform aimed at broadening the labour supply on the extensive
margin, has the unintended effect of decreasing labour supply on the intensive margin.
Following a calibration exercise to analyse the robustness of these backlash effects on
different pension scheme designs, we found that, under a defined-benefit scheme, the
effects on the intensive margin of labour supply are drastically increased, compared to
the defined-contribution scheme and the fully-funded scheme.

Chapter three, “Longevity, Pension Reform and Intra-Generational Equity”, finds
that segments of society who have shorter life expectancy can expect a lower income
from their pensions and lifetime utility due to the longevity of other groups
participating in the same pension scheme. Linking the pension age to average life
expectancy magnifies the negative effect on the lifetime utility of those who suffer low
longevity. Furthermore, when the income of those with greater longevity increases,
those with shorter life expectancy become even worse off. Conversely, when the
income of those with shorter life expectancy increases, they end up paying more into
the pension scheme, which benefits those who live longer. The relative sizes of the low
and high longevity groups in the population determine the magnitude of these effects.
We calibrate the model based on data on differences in life expectancy of different
socio-economic groups and find that low-income workers suffer from a 10-13 percent
drop in pension benefits from being forced to pay into the same scheme as high-income
workers.

Chapter four, “Healthy aging, saving and retirement”’, argues that healthy aging is
an essential factor in individuals’ retirement behaviour and should therefore be
considered in the design of retirement reforms. A model is constructed where agents
make consumption, saving, and retirement decisions based on their expectations of

future health and their uncertainty about their time of death. Changes in health shift the

Vi



agent’s utility curve and increase the disutility of work, providing a connection
between healthy aging and the agent’s life-cycle decisions. The author finds, among
other things, that healthy aging is associated with later retirement and that as the risk
of adverse health shocks increases, the agent saves less. Life-cycle health
developments are found to explain to an extent the hump-shape of the individual’s
consumption plan. These effects are established with various formulations of health
functions and simulated with data on life-cycle health and longevity to obtain estimates

of the impact of healthy aging on retirement decisions.

vii
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Resumé (Abstract in Danish)

Demografiske &ndringer far sterre og starre indflydelse pa gkonomi og velfaerd i de
industrialiserede lande. Andringerne har en raekke konsekvenser, bl.a. for
holdbarheden af de offentlige finanser, pensionssystemerne og velferdsstaten mere
generelt. Disse konsekvenser affgder en reekke tiltag, som kan variere fra
pensionsreformer og overordnede gkonomiske indgreb til &ndringer i den enkeltes
langsigtede planlegning. En bedre forstaelse af de gkonomiske konsekvenser af de
demografiske andringer kan medvirke til mere robuste lgsninger pa de udfordringer,
de skaber. Denne afhandling bestar af fire uafhaengige kapitler, der alle beskaeftiger sig
med gkonomiske konsekvenser af demografiske a&ndringer.

Kapitel et, “Sustainable fiscal strategies under changing demographics,”
(“Beeredygtige finanspolitiske strategier under @ndret demografi’’) presenterer en
overlappende generationsmodel til evaluering af 1) Det maksimale niveau af
langsigtsvaekstraten for den offentlige geeld, omkring hvilken en gkonomi bgr
stabilisere sig; 2) Hvordan det optimale niveau af offentlig geeld varierer som en
funktion af veesentlige befolkningsparametre; 3) Hvordan gkonomiske indgreb, som
har til formal at stabilisere gkonomien omkring dette geeldsniveau, er ngdt til at variere
i forhold til befolkningsparametrene; og 4) Hvor godt modellen fungerer som en
plausibel repraesentation af de avancerede gkonomier, der gar en fremtid i mgde med
svaekket demografi og pres pa de offentlige finanser. Hovedkonklusionen er, at selv
med et svaekket gkonomisk rdderum som falge af endrede befolkningsparametre er en
relativt gunstig langsigtsligeveegt stadig mulig at opné gennem relativt beskedne
gkonomiske indgreb. Svaerere vil det veare at nad dertil uden finansielle eller fiskale
sammenbrud undervejs. | kapitlet fremlaegges nogle politisk-gkonomiske perspektiver

p&, hvordan man kan handtere denne risiko bedst muligt.



Kapitel to, “Reform and Backlash to Reform: Longevity Adjustment of the
Retirement Age,” (“Reform og modreaktion mod reform: levetidsindeksering af
tilbagetreekningsalderen”) anvender en model med overlappende generationer ad
modum Blanchard-Yaari til at analysere effekterne af en tilbagetreekningsreform pa
arbejdsudbuddet. Resultaterne viser, at der ikke er et ét-til-ét forhold mellem en
forhgjelse af den lovbestemte tilbagetraekningsalder og tilsvarende forggelse af
arbejdsudbuddet. Tvaertimod demonstreres en modsatrettet effekt, hvor en reform, der
har til hensigt at gge arbejdsudbuddet pa den ekstensive margin, vil have den ikke-
intenderede effekt, at den mindsker arbejdsudbuddet pa den intensive margin. Der
gennemfares en kalibreringsgvelse for at analysere betydningen af disse modsatrettede
effekter pé forskellige pensionsmodeller. Her ses det, at effekterne gges kraftigt pa den
intensive margin for arbejdsudbuddet ved en ydelsesbaseret ordning sammenlignet
med en bidragsbaseret ordning og en opsparingsbaseret ordning.

Kapitel tre, “Longevity, Pension Reform and Intra-Generational Equity,” (Levetid,
pensionsreform og intra-generationel fairness, ”) viser, at grupper i samfundet, der har
kortere forventet levetid, ogsd kan forvente en lavere indkomst fra deres
pensionsopsparinger og livstidsnytte pga. levetiden hos de andre grupper, som deltager
i den samme pensionsordning. At knytte reguleringen af pensionsalderen til den
gennemsnitlige levetid forstarrer den negative indvirkning pa livstidsnytten for dem,
der ikke lever sd lenge. Desuden vil dem med kortere forventet levetid sta i en endnu
dérligere situation, nar indkomsten hos dem med leengere levetid gar op. Omvendt, nar
indkomsten hos dem med kortere forventet levetid gar op, ender de med at betale mere
ind pd en pensionsordning, der kommer dem, der lever langere, til gode.
Starrelsesforholdene mellem grupperne med hgj og lav levetid afgar starrelsen af disse
konsekvenser. Med en kalibrering ud fra data om forskellene i forventet levetid i

forskellige sociogkonomiske grupper vises, at lavindkomstgrupperne oplever et fald i



pensionsudbetaling pa 10-13 procent ved at vere tvunget til at betale til de samme
ordninger som hgjindkomstgrupperne.

Kapitel fire, “Healthy aging, saving and retirement,”(”Sund aldring, opsparing og
pension”’) argumenterer for, at sdkaldt ”sund aldring” er en afgerende faktor for den
enkeltes pensionsadfeerd, og som derfor bgr tages hgjde for i udformningen af
pensionsreformer. | kapitlet opstilles en model, hvor forbrug, opsparing og pension er
udgangspunkt for agenters forventninger til fremtidigt helbred og usikkerhed omkring
tidspunktet for deres dgd. A£ndringer i helbred @ndrer agentens nyttekurve og haever
ikke-nytten ved arbejde, og angiver sdledes en forbindelse mellem livscyklus-
beslutninger hos agenterne og sund aldring. Resultaterne viser bl.a., at sund aldring
haenger sammen med senere tilbagetraekning, og at agenten mindsker sin opsparing i
takt med, at risikoen for negativt helbredschok stiger. Udviklingen i livscyklus-helbred
forklarer til en vis grad den pukkelformede kurve for den enkeltes forbrugsplan. Disse
virkninger er opstillet gennem formulering af sundhedsfunktioner og er simuleret med
data om livscyklus-helbred og levetid for at opna sken over indvirkningen af sund

aldring pa beslutninger om tilbagetraekning.
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Satire demonstrates the public’s interest in the issue of sustainable pensions.
Cartoon from Icelandic newspaper, January 30™" 2019
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Yellow box: Three suggestions for achieving a sustainable pension system,
1. Increase contributions | 2. Increase the pension age | 3. Shorter life expectancy

Source: Halldér Baldursson, visir.is






Introduction

National economies are affected by many variables: While government policy,
international trade and even the weather are among the causes of economic conditions
in the relatively short-run, and technological progress is a key determinant of long-run
economic growth, other factors such as demographics have gained attention as drivers
of economic outcomes.

Demographic changes are a prominent feature of the economic landscape of
industrialized countries. Longevity increases coupled with lower fertility rates have
sparked a serious debate on the sustainability of public finance, pension and social
security systems. This debate is not confined to a small group of specialists, but rather
is open to a broad range of discussants, from academics, to policymakers and the
general public. Even though these issues are driven by a simple cause, their resolution
can prove to be precarious.

Many advanced economies rely on a pension scheme where the benefits to the retired
population are financed by contributions of the current working population. Reform of
these pension schemes can principally take three forms: Firstly, an increase in the
pension contributions, which redistributes incomes from the working population to the
retired; secondly, a decrease in the pension benefits, which has the opposite effect, i.e.,
distributing income from the retired population to the working population; thirdly, an
increase in the official retirement age, which strikes at the issue by both broadening the
labour force and reducing the retired population. These three avenues of pension
reforms will all result in some degree of redistribution of inter-generational welfare.

Due to these redistribution effects, pension reforms can prove to be a heated issue.
Recently, this has become evident across Europe. In 2018, the Russian government

was forced to reconsider a proposed gradual retirement age rise for women following



public outcry (BBC, 2018). In France, strikes starting in December 2019 were also
sparked by pension reforms. These reforms have been criticized for being too opaque,
as the exact amount of eventual pension benefits are not explicitly stated, but workers
earn points which will be transformed to pension benefits at a later date. Furthermore,
the opponents state that the reforms will force people to choose, either to work longer
or face reduced pension benefits. Yet the official retirement age in France is still one
of the lowest in the OECD (BBC, 2019).

In light of the potential of pension reforms to spark turmoil, one popular way of
ensuring long-run pension sustainability is to link the official pension age to the
average life expectancy of the population (Jensen et al., 2019). In fact, Denmark has
implemented a pension rule, which keeps the average length of retirement fixed;
effectively tying the official pension age to average longevity on a one-to-one basis
(Andersen, 2015). Similar plans are prevalent across Europe: Last year the pension
scheme of the Netherlands was reformed so that a year’s increase in life expectancy
would be followed by an 8-month rise in the pension age, reverting from the one-to-
one rule applied in Denmark. Sweden has established a recommended retirement age,
which serves as a benchmark for the calculation of pension benefits and will be linked
to longevity (OECD, 2019).

While longevity indexation of the pension age is a concise way to reduce the
pressure on public finances, these indexation schemes are based on a stylized version
of the world; notably the assumption of a homogeneous population. Members of the
top income quartile in the US can expect to live about a decade longer than those in the
bottom quartile (Chetty et al., 2016). The same pattern, can also be observed in
Denmark, as the gap in life expectancy at age 30 for men with primary or lower
secondary education and tertiary education stood at 6.4 years in 2011, and has

increased since 1987 (Brgnnum-Hansen & Baadsgaard, 2012). Moreover, this



heterogeneity in longevity is not explained by extreme poverty, but rather longevity is
a gradient across the socio-economic scale (Waldron, 2007). A similar gradient can
also be observed when it comes to healthy aging (Eurostat, 2019).

The heterogeneity of the population raises concerns about the distributional
consequences of pension systems applying a one-size-fits-all design. Changes in the
pension age based on increases in average life expectancy and healthy aging might
therefore affect socio-economic groups differently. For instance, increases in the
pension age that are driven to a large extent by higher longevity of white-collar
workers, could cause the lifetime welfare of the blue-collar workers to decrease.
Understandably, blue-collar workers could, following a long and physically
demanding working life, prefer to retire at an earlier age than white-collar workers,
who perhaps spend a substantial time on education and are subject to less physically
strenuous work. Therefore, due to these intra-generational transfers, the broad political
support of longevity indexation of pension ages might gradually drop in Nordic welfare
states.

The official pension age does not, in most cases, force people into retirement: Any
increases in the official pension age may affect the financial incentives to retire at a
specific age, and could potentially affect individuals of different socio-economic status
differently. However, the timing of retirement cannot solely be explained as a financial
decision (Cribb et al., 2016). In fact, the official pension age has been found to serve
as a reference point or a signal of the appropriate time to retire (Lumsdaine et al., 1996,
Manoli & Weber, 2016). This illustrates the complexity of potential outcomes of
reforms triggered by demographic change.

The issues discussed above are addressed in this dissertation, which is composed of

four independent, yet interconnected, chapters. Each chapter applies an overlapping



generations model, to theoretically analyse economic implications of demographic
change.

The first chapter analyses how demographics can affect the optimality of public
capital. The analysis is motivated by fiscal rules aimed at mitigating the deficit bias
associated with fiscal policy. Instead of formulating generic fiscal rules, the analysis
features a government which seeks to maximize economic growth subject to the golden
rule of public capital (Hughes Hallett & Jensen, 2012). This allows for conditioning
the government’s optimal strategy on demographic parameters and age-related
government spending (Bokan et al., 2016). The chapter then explores the effects of
demographics on key economic variables, including economic growth, public debt and
taxation. Finally, the severity of projected demographic change on the capacity of fiscal
policy in a typical OECD economy is assessed.

The second chapter examines one of the three avenues of addressing the effects of
adverse demographics on pension schemes; namely, raising the retirement age
(Borsch-Supan & Ludwig, 2013). The life-cycle consumption, saving and leisure plan
of individuals is analysed subject to retirement age raises. The chapter analytically
establishes the existence of a “backlash” effect: When the retirement age is raised,
individuals work for more years, but this might lead to the unintended effect of
individuals choosing to work less each year. This implies that retirement age rises will
cause a less than one-to-one increase in the labour force. The size of this “backlash”
effect is examined in the context of the pension scheme design, namely whether the
pension scheme is fully funded or features either defined contributions or defined
benefits.

The third chapter addresses the fact that longevity is unequally shared between
socio-economic groups and illustrates equalitarian effects of a uniform statutory

pension age. Various implications of such one-size-fits-all pension designs are proved



theoretically. These include redistribution of welfare from those that suffer low
longevity to those who enjoy higher longevity. These intra-generational effects are
magnified when accounting for the income distribution of society. When those that live
long become richer, the pension scheme harms the low longevity group even more.
This is supplemented by policy advice and a calibration to match empirical
demographic structures and longevity improvements.

The fourth chapter focuses on healthy aging. The chapter is motivated by providing
guidance to policymakers designing retirement reforms. To this extent, the analysis
investigates the effects of the individual’s expectations of future health on his life-cycle
plan. Other recent articles have analysed the effects of health on retirement (French,
2005) and the welfare implications of retirement reforms (Laun et al., 2019). This
chapter goes one step further, providing a connection between expected wellbeing after
retirement and the time chosen to retire. In other words, it shows that not only does the
length of retirement matter, but also the quality of life during retirement.

When viewed as a whole, the dissertation demonstrates the intricacies of the
economic implications of demographic change. The first chapter shows how
demographic change affects the optimal level of public capital. This is supplemented
by three chapters that address distinct aspects of retirement reforms: The unintended
effects of retirement age hikes; the intra-generational considerations and the
significance of healthy aging for retirement and savings.

Each chapter provides a distinct contribution to the literature. The first chapter shows
that when following the golden rule of public finance, the demographic changes
projected this century tend to have a benign effect on the optimal level of public debt.
However, the effects on other economic variables, such as taxation, are much more
pronounced. The second chapter analytically establishes the existence of the backlash

effect and the capacity of pension scheme design to affect its magnitude. The third



chapter clarifies how pension reforms will cause intra-generational transfers. Finally,
the fourth chapter establishes a link between the quality of life after retirement and the

time chosen to retire.
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1. Introduction

General fiscal rules are legislative agreements intended to mitigate the deficit bias
usually associated with fiscal policy and typically due to myopia by governments.
Recent empirical research suggests that national fiscal rules are helpful in achieving
greater budgetary discipline (Debrun et al., 2008; Nerlich and Reuter, 2013; Foremny,
2014). The question of which specific rule is most effective in promoting fiscal
discipline has recently attracted a lot of attention. For example, Bergman et al. (2016)
find that a combination of an expenditure rule and a balanced budget rule, or a
combination of an expenditure rule, a balanced budget rule and debt rules, give
significant positive effects on the primary balance for virtually all levels of government
efficiency.! However that does not guarantee acceptable economic outcomes.

In this paper, we take a different route. Rather than formulating generic rules
designed to reduce the deficit bias, we set up specific rules aimed at maximising
economic growth.? This enables us to condition those rules on population parameters
and age-related spending, and to show the impact of population change on fiscal
balances and debt. We ask: first, whether, to what extent and when do changing
demographics affect the net fiscal position; second, whether it is acceptable to allow
larger debt burdens, or whether tax and spending austerity are always necessary when
demographic change leads to pressure on public finances.

Then, rather than evaluating alternative forms of fiscal rule, we restrict attention to
a rule for public debt. This is in line with previous work where we have argued that

debt targets are superior to deficit targets for theoretical and practical reasons (Hughes

1 For a fuller discussion of what makes a fiscal rule successful, see Eyraud et al. (2018) of the
IMF fiscal rules project.

2 Existing models in the fiscal literature that aim to determine optimal levels of debt include
Aschauer (2000), Aiyagari and McGrattan (1998) and Checherita et al. (2014).
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Hallett and Jensen, 2012).3 But choosing a debt target is not a trivial task. A key issue
is how to account for (the discounted value of) future spending liabilities. If the implicit
liabilities created by ageing populations are ignored, the debt criterion will ignore the
future revenues required to avoid default despite the obvious need to cover the benefits
promised to existing and future beneficiaries.

This is the case for extending debt targeting rules to account for predictable
demographic changes. Put differently, forward looking fiscal rules are needed to allow
for future liabilities created by adverse demographics. The implication is that
governments facing demographic change, or the need for higher social spending, will
have to adjust (most likely restrict) their fiscal plans to accommodate those changes.
Hence our key contribution is to make debt control forward looking by designing a rule
where fiscal policy reacts, not only to changes in existing levels of debt, but also to
anticipated changes in future liabilities.

This study provides a comparative static analysis of the problem. Within that
framework, the paper makes three new contributions.* First, we offer a formal

evaluation of the optimal debt level around which the economy needs to stabilise.’

3 If debt targeting is preferred, the question is: what debt or debt-to-GDP ratio should be
targeted (Auerbach, 2009)? Deriving optimal levels of public debt may involve several
complicated trade-offs. For example, how should inter-generational equity be balanced against
economic performance and long term fiscal sustainability?

4 In a follow up paper, Hughes Hallett et al. (2017) focus on the dynamics of how different
economies might reach the new steady state. In this paper, by contrast, we focus on establishing
(from a political economy perspective) that a feasible steady state does indeed exist before
going on to analyse how to reach it. It makes little sense to study the transition before we can
show that an acceptable/sustainable steady state exists.

5 The optimal debt level depends on the marginal productivity of public capital, defined as
public spending on investment projects which are (a) productive, (b) have an identifiable rate
of return and (c) have a longer horizon than consumption expenditures. Conceptually, this is
clear-cut. But in practice there are often problems in separating public investment from public
consumption in the data (Checherita et al.,, 2014).
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Second, we study how the optimal debt level varies with the key population parameters.
Third, we show how fiscal rules designed to stabilise the economy around that debt
level need to react to population age, life expectancy, the birth rate and rising welfare
expenditures.®

While general fiscal rules primarily address the deficit bias, this paper also looks at
specific rules to deal with ageing and lack of growth in the work force. Such policies
imply three roles for public policy: i) to improve the incentives to raise children, to
maintain the number of taxpayers and a capacity to sustain a certain level of public
debt; ii) to improve the volume and effectiveness of public capital in order to boost
productivity and growth; and iii) to smooth the distributional consequences of
demographic change and offset negative effects on growth. In this paper, we focus on
all three roles because they explain how we can reach a benign steady state and good
fiscal outcomes despite adverse demographics: an explanation that has been missing in
the literature so far, but is perhaps the main contribution of the paper.

How and whether the government should incentivize child-rearing is a controversial
issue. Since the children of today are the workers of tomorrow, we consider how
demographics and sustainable government finances are related. We do that by allowing
social spending aimed at alleviating the private cost of child-rearing. We include fiscal
balances because a growing population has a feedback that can help maintain a certain
level of public spending and debt. Specifically, we model government spending related

to child-rearing; and then analyse how those expenditures influence the economy.

6 Previous work has tended to focus on impact of worsening demographics on the financial
markets; Auerbach and Herrmann (2002) for example devote 7 out of 8 chapters to that theme,
and only one to fiscal issues. On the other hand, Bohn (2002) stresses the importance of
managing debt for a successful resolution of the impact of ageing.
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We consider public and private capital to be labour productivity-enhancing factors
in production. Public capital can be interpreted as education, R&D and the social
infrastructure that underpins human capital formation and leads to a more skilled and
productive workforce. Private capital, however, provides the incentives for innovation
and competition. The ratio of public to private capital is therefore a key factor for
economic prosperity. The government seeks to improve the volume and effectiveness
of public infrastructure, helping to raise productivity and the economy's rate of growth.
Having a government with this mandate enables this study to present an optimal
(public) debt policy which allows for demographic factors.

The roadmap of the paper is as follows. In Section 2 we set out our analytical
framework: an OLG model extended to allow for public debt. Section 3 derives the
optimal debt-to-GDP ratio; section 4 outlines policies to manage demographic change
and introduces the political economy forces that underlie the main issue:
intergenerational equity and transfers. Sections 5 and 6 provide a simulation treatment
of the effects of population change on optimal debt. Section 7 then illustrates the
political economy trade-offs that underlie policy problems of this type. Section 8
provides our principle conclusions and an agenda for future research.

2. The model

We use a model with overlapping generations, changing demographics, welfare
spending, and productive public and private capital accumulation (Yakita, 2008; Bokan
et al., 2016). The economy contains homogenous individuals and firms operating in
competitive markets. Individuals have two periods in their lives, first as a worker and
then as a retiree. To introduce population ageing and entitlement spending, people face
arisk of dying in the transition from worker to retirement, so that not every worker will
live a full two-period life. However, in each period, working people form the young

cohort and make decisions about consumption, savings and child rearing. Surviving
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retirees then form the old cohort. Public investment decisions are made by a
government that issues debt and levies taxes in order to fulfil its objectives.
2.1. Firms

The economy is composed of a large number of identical firms which produce a
homogenous product by utilizing the services of private capital and labour. The
production technology for each firm j is characterized by constant returns to scale
between the private capital and productivity-adjusted labour inputs that each firm
employs:

Y, = AKS (heLjy) “i0<a<1 (1)

where Y., K;. and L;, denote, respectively, the output level, the private capital
stock, and labour input in firm j for period t. Total factor productivity (TFP) is captured
by a standard scale factor, A (which may be time dependent), and labour augmenting
productivity (not firm specific) described by h;, where « is the output elasticity with
respect to private capital.

Given the assumption of perfectly competitive markets for production goods and
inputs, the equilibrium rental rate of capital, r;, and wage rate, w;, can be found in the

usual way as the solutions to the firm's profit maximization problem:

a-1
7 = Aa (?) (h)t @ )
7,t
we= 4= (2] (e ®
jit

The labour augmenting productivity, h;, is determined by both the aggregate public
and private capital stocks. From a macroeconomic perspective, it is important to

recognize the productivity effects stemming from government productive inputs that
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combine with the productivity effects of private capital.” We do not model these
productivity effects as public goods; instead we treat them as rival goods that are
universally available to workers.®2 This implies that it is the per capita values of
productive activities and private capital that matter, not their absolute level. So, the
productivity adjustment process h, is defined as®:

B~1-B
ht=%;0<ﬁ<1 4

where G, is the public capital stock and g is the productivity elasticity of private
capital (i.e. private capital's share of any income gains from increased productivity).

Equations (2) and (3) reflect a perfectly competitive environment where the marginal
product of an input equals its price. Notice that, since h, reflects a macro-level
measurement, the actions of an individual or firm cannot influence h,. So, at
equilibrium, the competitive pricing of inputs does not take into account marginal
changes to h;: h; is taken as given by firms and individuals. The aggregate private
capital stock and the aggregate labour input are, respectively, defined as K, = ¥, K;
and L, = ¥;L;.. Moreover, given the symmetry of firms, the equilibrium pricing
expressions (2) and (3) imply that all firms share the same optimal solution, such that
the ratio of input choices of each firm is the same in equilibrium: K; ./L; . = K. /L.

This allows us to rewrite expression (1) in terms of aggregate output at time t:

Y, = AKE(h L)' = AKZTPAO P00 = ppgi-e ()

7We consider aggregate private capital to be as in Arrow's (1962) Learning by Doing model.
For a literature review on the importance of both private and public investment in the
economic growth process, see Makuyana and Odhiambo (2016).

8 We take the view of Barro (1990) that actual nonrival government activities are relatively
few, so we do not consider them.

9 See Kalaitzidakis and Kalyvitis (2004).
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where Y, =¥V, and w = a + (1 — ). Note that Equation (5) does not include the
aggregate labour input. This is a simple consequence of our definition of the
(endogenous) labour productivity input, h;.

The firm specific optimality conditions can now be rewritten in aggregate terms as:

1 = Aa <Ié—i)w_1 (6)
w=aa-a(g) (2) Q

Finally, for the purpose of simplification only, this model assumes that neither
private nor public capital depreciates over time. We define the ratio of public-to-private
capital, G./K;, as X;.

2.2. Households

The economy is populated by homogeneous individuals. The lives of individuals are
divided into working and retirement periods. The working period is of fixed length.
Individuals in the working period form the young cohort; those in retirement the old
cohort. At the end of the working period, a fraction of the young agents die while the
rest move into retirement. The probability of dying by the end of the working period is
given by the hazard rate A; the same for all agents. The probability of being alive at the
start of the retirement period is 1 — A. As there is no third period, the size of the retired
cohort is (1 — A) times the size of the working cohort in the previous period. With N;
being the population of working-age people, the total population of the economy at t
isequalto Ny + (1 — A)N,_;.

Young individuals work, consume, save and raise children. The retirees do not have
children but they consume based on the return on savings from the previous period.
The representative individual's decisions in both periods are based on the maximization

of life-time utility which is given by the following function in period t:
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Inc, + (1 —ADplnd,y, +elnn, (8)

where ¢; (d;1) is consumption in the working (retirement) period, n. is the number

of children the individual has, ¢ is the priority/weight of having children in a person's

life-time utility, and p denotes the usual time discount factor, being a value between 0
and 1.

The time endowment for a young individual is normalized to 1. The model does not
include leisure explicitly, but rather includes the child rearing time during which the
young individual receives no wages.'? Labour income is then allocated between current
consumption, savings and tax payments. However, the individual receives a subsidy
for child rearing which is also subject to taxation. This subsidy, denoted by p,,; is a
fixed ratio of the wage rate, w;. The tax rate is the same for wages and the child-rearing
subsidy.!* The budget constraint of the representative young agent at time t therefore
reads as:

1 -0)[w:(1 —zny) + pywzn.] = c; + s; 9)
where z > 0 is the rearing time per child, and 8, denotes the flat tax rate. Savings are

given by s; and are exclusively invested in purchasing annuity assets. We assume that

10 Hence the desire to have children crowds out the time spent working. A more general
approach might allow extra saving, to leave bequests or invest in education. But to do that,
workers have to have the children and pay carers to rear the children while agents are working
extra hours to make the extra savings. The result is little or no net effect on incomes, savings
or the fiscal position. So we treat these cases in a simpler way in Section 3 below.

11 We can think of the child-rearing subsidy as a cost that is covered by the government. As
such, the subsidy accounts for the amount of income that would be spent by the individual on
child-rearing. Hence the subsidy is a labour income augmenting subsidy. Because thatis income
that could end up not being spent on child-rearing (hiring a nanny for example), this subsidy is
taxed at the same rate as labour income. This interpretation forces us to see the subsidy as
something that diminishes out-of-pocket costs of child-rearing.
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not all of each individual's time endowment can go towards child rearing: (1 — zn,) >
0'12

As in Blanchard (1985), we assume the existence of an actuarially fair insurance
company operating in a perfectly competitive market for insurance. This insurance
company collects savings from agents and invests them in private capital and/or
government bonds. We assume that government bond purchases can crowd out private

capital. The insurance company pays a return on savings to the agents that survive into

retirement. The retirees therefore receive a rate of return of (?_—*jl)on their savings. The

returns (not the principal) on savings are taxed at a rate equal to that on labour income.
The second period budget constraint therefore reads as:
1+ (1 =074
1-4

The maximization problem of young individuals consists of choosing the optimal

St = dt+l (10)

amount of savings and number of children to maximize life-time utility subject to the
budget constraints for the working and retirement periods. The amount of savings
directly influences the amount consumed in both periods. Meanwhile labour income
not saved in the working period goes to current consumption, c,; while that saved goes

towards consumption in retirement, d,..,. The overall maximization problem now is:

12 (1 — zn,) > 0 is guaranteed if the interval between the lower bound on ¢ in (15), and the
upper bound on € when (1 — zn,) = 0, is nonempty. That interval is always nonempty if z <
1, a restriction that has to hold since not all agents can spend all of their allotted life time
rearing children and still survive. The parameter restrictions in this model therefore guarantee
(1-2n,) >0.
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max Inc, + (1 —A)plndyy; +elnn,

Codry1Me
s.t.(@) ¢y + s = (1 —0)[w:(1 — zngy) + py,wezn,]

.. 1+(1-0¢41)T17
(i) deyr = —(131; == t

By rearranging the first order conditions for this maximization, the following
relationships are obtained:

deyr

. =p[1+ A =0 )744] 11)

ne £
¢ (-0 -pyIwez
From these two conditions we find optimal solutions for savings s;, and number of

(12)

children per individual, n;:
__ a=-2p
1+(1-Ap+e
€ —
i =z(1—pw)[1+(1—/1)p+£] =n
Two insights follow. First, we see the fraction in equation (13) is solely composed

(1 - 0w, (13)

St

>0 (14)

of demographic related factors, meaning that savings are a fixed share of after-tax
income only if population parameters do not change. Second, the same is true for the
fraction in equation (14), except that it includes p,, which is set by the government.
Moreover, n is increasing in p,,. This should not be a surprise since increasing p,,
lowers the financial burden of raising children, which gives individuals an incentive to
have more children. The economy will then continue to survive so long as n; > 1,
which holds true as long as:

L zZa—py)1+ (A= Dp]
h 1_2(1_pw)

(15)
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In this analysis we focus on the case of non shrinking populations (n = 1). If n <
1, the economy would disappear asymptotically. For the sustainability of the steady
state, we need to assume that the inequality in (15) holds. In practice, to ensure such a
steady state exists, we do not restrict n to be greater than the replacement rate of the
population, but instead impose a restraint on the preferences of agents for children such
that it does. The reality is that, with immigration, population growth is positive (if small
in some places) almost everywhere — as data from the World Development Indicators
show. Revealed preference therefore justifies (15) as the appropriate restriction.
Population growth may also be improved by changes in mortality (1) as well as by
fertility decisions (n, ).

2.3. Government

The government collects taxes from the wage income of the working population,
from the child-rearing subsidy, and from the returns on savings of the retired
population. The tax rate is denoted by 68, and is fixed regardless of income type. The
government also issues public debt, b., and invests the proceeds in public capital, G;.
In addition, the government pays the child-rearing subsidy as specified above. The
government budget constraint is therefore:

by = (A +1)b; + (Gryq — Gi) + pyweznN; (16)
—0:(WeLe + pywezngNe + 1e5e—1 Ne_y)

We assume debt interest payments and public consumption are financed by taxes on
wages, subsidies and returns on savings. That leads to the period-by-period budget
constraint:

1ibe + pywezneNy = 0, (WL + pyyWeZne Ny + 1:S¢_1N;_1) @an

Public debt is then issued as needed to finance public capital formation, that is:

b, = G, (18)
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The model is thus stated in terms of the “golden rule” for public finance: the
government only borrows to invest, not to finance its consumption or transfer
payments.'® The question is then, what is the optimal level of public debt and how is it
determined?

3. The optimal level of public debt
3.1. Growth maximising public debt

The representative insurance company, and hence the young generation, can invest

in both private and public capital. Equilibrium in capital markets requires that
StNe = Keyq + Geyq (19)

We can use conditions (17), (18) and (19), and combine them with capital rents and
wages, (6) and (7), and with the fact that L, = (1 — zn)N, (labour supply equals the
time endowment less child rearing time), to derive an expression for the income tax
rate, 8; ; needed to satisfy current public spending:

1

aX +p,(1—a)zn/(1—2zn) +1

Using the equilibrium condition for capital markets (19), and the solution for s; in
(13), we obtain:

6, =1 (20)

(1-Mp
1+(A—-ADp+e

This equation determines the dynamic relationship between wages, working

(1= 60)wNe = Kpyq + Gryq (21)

population, and public and private capital. We define balanced growth to be a situation
in which public and private capital grow at a constant rate. Specifically, let the

aggregate steady state growth rate y4 be defined as:

13 The rationale for this golden rule is given in Blanchard and Givazzi (2002) and Fatas et al.
(2003). Itis, or has been, practiced in Germany, the UK and several other advanced economies.
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Giv1  Keyn )t+1 A
_ n= 22
G, K, v, M=} (22)

where n is the constant growth rate of the population and y is the aggregate growth

rate per capita. This now implies that the public-to-private capital ratio is constant in
steady state. It also implies that the tax rate, 8;, and the interest rate, r;, are constant in
steady state.

Next we use equation (21), together with (7) and (20), to obtain a relationship from
which we can derive a closed form expression for the economy's growth rate (see
Appendix A for the full solution and definition of ):

A_ ACIA-@)/1 -]
X 1(X+D(aX+C+1)
In order to derive the public-to-private capital ratio which maximizes the aggregate

(23)

growth rate along the balanced growth path, we take the first derivative of equation
(23) with respect to the public-to-private capital ratio, X; set it equal to zero, and solve

for X. The result is a general solution of the form (Appendix A):

—a)(pw(llﬂ+1+a)i\]wz m+1+0¢) —4a(1-w)(w- 1)( %+1) (24)

X — n
12 2a(1+w)

With our parameter restrictions, it is easy to show that the positive solution to this

equation is also positive (see Appendix B)*:

o = ol ) + oy ) sat- o)D) (o)
2a(1+w)
Given equation (5), the optimal debt to GDP ratio in this model is therefore:
d* — lx*w (26)
A

14 We are only interested in a positive solution since capital stock ratios must be nonnegative.
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3.2. Optimal debt policy and demographic factors

It is now apparent that the optimal debt policy depends on the child-rearing subsidy
rate. This subsidy rate is also an important component in the balanced-budget tax rate.
As a result, the subsidy plays a central role in the savings-investment balance. It also
affects fertility choices and hence population growth. The subsidy rate is thus

inescapably part of the optimal debt policy. Furthermore, by maximizing aggregate
A
growth per capita, y = % ,

growth, y4: equations (24)—(26). This is expected since the optimal level of

we can reach the same results as for maximal aggregate

government debt does not affect childbearing decisions of agents. But the optimal debt
level is influenced by childbearing through the subsidy p,,. Hence demographics affect
the optimal debt ratio; but the debt ratio does not affect population growth.

As we might expect, in the special case without subsides (p,, — 0) the optimal debt
ratio becomes independent of the population parameters; it becomes solely dependent
on the elasticities of private capital to public capital (w) and labour (). It is important
to note that the choice of p,, is not treated as a policy tool in this analysis, in the sense
that we do not attempt to derive an optimal subsidy policy. An optimal subsidy rate
would depend on efficiency and welfare concerns in relation to endogenous population
growth, which would turn this analysis into a normative one with respect to fertility
choices. Instead, the choice of p,, is a parameter used to explore different calibrations,
to show the economic effects of manipulating the child-rearing subsidy. The ultimate
focus is on providing the growth maximizing optimal debt-to-GDP ratio with balanced
budgets for any given child-rearing subsidy.

Moreover, the structure of the labour productivity-enhancing factors in production
is key to the optimality of debt policy. Notice that if public capital becomes irrelevant

relative to private capital in the productivity process h. in equation (4), we will have
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(other things equal) # — 1 and consequently (1 —w) — 0. In this case, both the
optimal public-private capital ratio, X* in equation (25), and the optimal level of debt,
d* in equation (26), tend to zero. This is in line with Greiner (2010) and Checherita et
al. (2014).

Finally, the subsidies described above may be interpreted in different ways to cover
the different types of age-related spending or social support available. The subsidies
may be designed to support raising children. For example, the UK provides child
benefit payments which were taxed at standard rates until the 1980s and again from
2012. In fact, any grant which is either taxed or means tested can be written as equation
(9) under uniform grant or means test rates. Most tax codes, including those in the US,
offer a tax free element per child equivalent to the net income supplement of
pw(1 — 6,)wzn, which is then taxed at the standard rate (where p,, is set to make this
expression equal to the tax saving).

But the subsidies could also be in the form of support to higher education. The US,
for example, taxes certain training grants and fee waivers. Subsidised loans or means
tested tax reductions on fees operate like child benefits, except that z now refers to time
spent in education (child rearing by society, rather than by parents). Subsidies could
also support education in general, where state spending per pupil is related to the
average wage and taxes (levied at standard rates on steady state earnings) that fund that
spending. In this case, z is the proportion of the young population in state funded
schools.

In addition, subsidies could be directed at health care costs, where caregivers are
paid via a state subsidy; or where those costs contain hidden subsidies. Another
possibility is sick pay. For example, most EU countries pay a fraction of the wage for
time off sick, but then tax it as income. Similarly, caregivers may be paid with a state
subsidy, but taxed at standard rates.
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4. Policies to manage demographic change

This section examines how two major demographic trends, reduced mortality and
reduced fertility, affect fiscal policy and optimal levels of public debt. These two trends
lead to ageing populations. In addition, we study the effects on optimal debt of an
increase in preferences for current consumption over future consumption, as has been
observed for the baby-boomer generation throughout the OECD area. Finally, we also
study optimal debt responses to changes in public child-rearing support.
4.1. Increased longevity

Within the framework developed above, we can evaluate how increased longevity
impacts the debt-to-GDP ratio. Increased longevity is simulated by lowering the
probability of death in transition between periods, 1. By differentiating the optimal
debt-to-GDP ratio in equation (26) with respect to 4, we get:

d; = lwx*w—l Xing =0
A L (27)

——— >0 >0
>0

where X;, denotes the first derivative of X* with respect to n; and n, is the first
derivative of n with respect to A. Note that equation (14) implies n; > 0. The sign of
the partial derivative X;; is determined in Appendix C.

Expression (27) implies that rising life expectancy, in the form of a lower probability
of death in the transition between periods, leads to a fall in the optimal debt ratio for
the whole economy.®® As the hazard rate decreases, consumption during retirement
becomes a more pressing source of utility. Since consumption is financed by labour

activities, people need to spend more time at work. As a result they have fewer children.

15 A variation on this result is that a rise in the retirement age would be reflected, all else equal,
in a rise in A since fewer agents would survive into the retirement period. This is the opposite
to the previous example: higher debt is now required to finance the extra output agents would
need to produce during their working lives.
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Individuals thus shift from utility derived from having children, to utility derived from
consumption.

With lower population growth and higher longevity (lower 1), it is no longer optimal
for the government to sustain the same public debt level as it did before. The fact that
agents choose to have fewer children has a direct impact on the government's budget
constraint through the child-rearing subsidy. Since the government spends less on the
subsidy, the tax rate needed to balance the current account budget becomes lower, as
shown in equation (20). The servicing costs of public debt will also be less since the
optimal debt level falls. This further lowers debt servicing cost through a drop in the
interest rate payable, this can be seen by equation (6). In short, a fall in A leads to a rise
in savings by the working population (ds;/d4 < 0) that now realizes it needs to save
more for retirement than before, at the cost of fewer children.

4.2. Afall in the preference for children

We next consider the case of a fall in the preference towards children, defined as a

drop in & which leads to a fall in the birth rate. In this case we can write, upon

differentiating the optimal debt-to-GDP ratio (26) with respect to ¢,
1
d; =~ wX** 1Xin, (28)

where d; denotes the derivative of d with respect to €; and where
- 1+ -A)p
ezl —-p )1+ (1= 2)p+€]?
which confirms that a fall in the preference for children leads to a fall in the birth rate.

(29)

We may therefore work with change in either € or n. It follows that

1
d; =ZwX*w_1 &&20 (30)

—_
>0 >0 >0
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So, for positive subsidies, a fall in the birth rate would lead to lower optimal debt
levels. Since the sign of n, is the same as n,, the story here is similar to the one of
greater longevity. The explanation: a lower preference for children increases labour
force participation in period t, due to less time spent rearing children. That leads to
increased rates of consumption, now and in the future. Additionally, the drop in fertility
eases the tax burden of the child-rearing subsidy, leading to lower tax rates and greater
savings and consumption, yielding an optimal fiscal policy with lower public debt.
4.3. Higher discount factors

The third example is the effect of an increase in the discount factor, taking the form
of a fall in p. This is often referred to as the baby boomer problem. It is exactly what
happened with the baby-boomer generation in Europe, albeit less dramatically than in
the US or UK, where the preference for current consumption over future consumption
increased and savings rates fell.*® Those are exactly the changes implied by (8), which
then implies, ceteris paribus, ds;/dp > 0 by (13).

To examine the debt consequences of this, we need to determine the sign of

1
dy =A—wX*“"1X,*lnp 31)
where, by eqgn. (14),

—e(1-2)

= >0 32
" = A= p) A+ - Dp+ el (32
Hence we have:
1
d; = ZwX*w_l X, n, = 0 (33)
a % e

16 This example assumes social support, p,,, is unchanged. If not, savings may increase - as in
Japan or China.
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In words, a lower concern for the future (the revealed preference of the baby
boomers) leads to higher levels of public debt. This matches exactly what has happened
in nearly all European and OECD countries over the past two decades, although baby-
boomers may not have been the only cause. However, higher future discounting is not
the only effect in play. Mortality trends and fertility choices coexist in the observed
data associated with the baby boomer generation. The end result depends on the net
combined effects of a drop in p, A and . The model would then match observed data;
lower savings combined with fewer children.

The intuition is that baby boomers have lower preferences for saving and higher
preferences for immediate gratification which, in this model, is present consumption
and child rearing at the cost of future consumption. Consequently the birth rate
increases, but so does the child-rearing subsidy bill. Thus, even though individuals save
less now, implying lower economic growth, the optimal level of debt rises (a higher
public-to-private capital ratio, X) for the same reason as in the hazard rate and
preference for children examples.

This poses a policy challenge: not only do current levels of debt need to be reduced
to normal levels, but they need to fall further than that as the baby boomers retire. This
might be taken as a justification for imposing a “granny tax” on retirees in cases where
social support and excess debt are allowed to continue unchecked. However, a proper
analysis of that case would need a model with separate tax rates for young and old,
since those rates may affect working and saving behaviour.

4.4. An increase in support for child-rearing

Finally, we consider the effects of p,, on growth-maximizing debt. This highlights

how different government policies related to fertility can impact optimal fiscal policy.

The subsidy rate reduces the cost of raising children, so higher subsidies naturally lead
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to higher fertility n by equation (14). This would be useful if fertility falls below the
replacement rate.

Using the previous framework, we now need to determine the sign of d; . The

relevant derivative of d* with respect to p,, can be written as:

1
dy, :wa w 1<&+Xnnpw> (34)
5 >0 >0

where X, and n,, denote first derivatives with respectto p,,. The signs of n, and X;
are determined in Appendix C.

It follows from equation (34) that the optimal debt burden in equation (26), d*; will
increase with subsidies p,,. The reason: the subsidy reduces the private cost of raising
children, so higher subsidies lead to higher fertility n: (14). It also increases the tax rate
0, and time spent on child rearing (zn). Anything not related to public debt
maintenance (rb;) that increases the tax rate and budget cover, increases the optimal
level of public debt and public-private capital ratio, directly and indirectly, as can be
seen from (34) where subsidy rates and the fertility rate are increased at the same time.
5. Calibration

To test the performance of our model as a reasonable and plausible representation
of the type of advanced economy that we might be interested in, we calibrate it to match
the typical OECD economy for the period 1969-2013.1" We then alter the underlying
demographic structure to match the following 45 year periods. This allows us to assess
fiscal sustainability under social or demographic changes of different sorts; how that

compares to the long-run fiscal position and growth rates observed in the OECD

17 Given the time period at hand and the focus group (the OECD countries), some of the data
required for the calibration exercise is missing. We use mean imputation to fill those gaps.
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economies in the past; and whether these economies would find it easy or feasible to
transition to the corresponding steady state.®

To gain some insight into the potential problems of OECD economies facing
demographic change, we first perform a baseline calibration of those economies using
the model in section 2. The calibration is based on a period of 45 years in length. This
assumes that agents in the model start working at age 20, work for 45 years and retire
at age 65. We choose the remaining parameters to produce a realistic demographic and
production structure for the average OECD economy. Table 1 sets out the parameter
values; the motivation for each value follows below.

5.1. Production parameters

We focus first on production. The value of the output elasticity of private capital, «,
is 0.37. Given the production function is CobbDouglas, this value then matches the
average private wage income share of GDP in the OECD from 1969 to 2013, as
measured by the AMECO database: “Adjusted wage share, total economy, as
percentage of GDP at current factor cost”.

Parameter 8 captures the private sector share in labour productivity gains: that is,
the share of income gains that come from productivity increases due to private as
opposed to public capital. This is not a figure that is reported in national accounts. But
Checherita et al. (2014) estimate w to be equal to 0.716.'° Having a equal to 0.37, the

18 [n future work, we could go on to look at the steady states implied in particular economies,
including: (1) the “Anglo-Saxon economies” (US, Canada, UK); (2) countries where the process
of population ageing is particularly strong (Japan, Italy, Germany); (3) the Nordic welfare states
with flexible markets and strong social provision (Denmark, Sweden); (4) economies with slow
population growth and limited social support (Russia, China); or (5) those with young and fast
growing populations (India, Mexico, the Philippines).

19This paper uses a slightly more general production function than we do, the difference being
that Checherita et al. do not include per-employee productivity gains to labour inputs to
production. We have the following production function ¥, = AK® G}~ whereas they have Y, =
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definition of w implies that B8 equals 0.55. In section 7 we analyse the sensitivity of our
results to this assumption.

The TFP scale effect A is subject to interpretation. In this model, productivity
contributes to growth in two ways: one endogenous, the other exogenous. Labour-
augmenting productivity h, represents the endogenous component, and the TFP
parameter A is the exogenous component (Fehr et al., 2013; Hviding and Merette,
1998). We use the expression for production in equation (5) to calibrate A. This
expression links GDP, the private capital stock and public capital stock, all available
figures. We obtain these figures from IMF's Investment and Capital Stock Dataset and
MEI database (2017). We then use the value for w specified above. Solving equation
(5) with these values then yields A = 34.

5.2. Preference and demographic parameters

Parameter p is designed to capture the value an agent puts on future consumption
relative to present consumption; that is, the discount to be applied at the start of the
working period to decisions made for retirement 45 years later. Given the long time
period relating the preference for consumption in the present vs. that in the future, we
apply an annual discount rate of 1% hyperbolically. For a period of 45 years, this yields
pequal to 0.69.

Parameter z captures time taken off work due to child-rearing activities. We use data
from the US Census Bureau's “Annual Social and Economic Supplement to the Current
Population Survey” for “Persons who did not work or look for work by age, gender,

and reason for not working in 2014”. The proportion of working-age people not

A(K/L)(fK[“’L%"“’ (in our notation, where ¢ is the output elasticity of the labour-capital ratio to
GDP). For our specification to match theirs, ¢ must be zero. In fact, their estimate of the OECD
average for ¢ is very close to zero at 0.037 (Table 2, Model 2, Checherita et al., 2014).
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working in order to undertake home responsibilities is 28.1%. Interpreting “home
responsibilities” as a measure of people not working for child-rearing reasons, z simply
becomes 0.281.

Table 1

Parameter values of the baseline simulation, OECD area.

a Private capital's share in national income 0.37

B Private capital elasticity in productivity gains 0.55

y Private capital elasticity in production 0.716

A TFP scale factor 34

p Discounting 0.69

z Rearing time per child 0.281

Pw Child rearing subsidy rate 0.193

A Hazard rate 0.7

£ Importance of children in utility 0.539
Table 2
OECD population growth, old-age dependency ratios and life expectancy (45 year averages).

1970-2015 2015-2060 2060-2100

45-year population growth rate 36.1% 6.3% —5.2%
Old-age dependency ratio 21.9% 44.0% 60.1%
Life expectancy at birth 75.2 83.9 89.2

Source: United Nations

Next we calibrate the child-rearing subsidy rate. We use the OECD's Family
Database, and the “Total public social expenditure on families as a percentage of GDP”
data in particular. Social spending by families in the OECD from 2001 to 2013
averaged 2.36% of GDP. This number does not include primary to tertiary schooling.
For this, we use the OECD “Education at a glance” reports. The OECD average public
expenditure on primary to tertiary education, for 2001-2013, is 5.15% of GDP. Total
public expenditures on children measured as a percent-age of GDP then becomes
7.51%. In order to match those expenditures as a proportion of GDP with the model's
expenditures measured as a proportion of wages, we match total expenditures in the

real world to total public expenditures in the model with children, Nwznp,, (where Nw
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is total spending in the economy). Knowing that the population growth factor in the
OECD for 1970-2015 is n = 1.361 (see Table 2), « = 0.37and z = 0.281, we
getp = 0.193.

Next, A and ¢ are the key demographic parameters. Both influence the age structure
and the growth of the population. Starting with A, the hazard rate, it needs to be set so
that the model's old-age dependency ratio matches the observed data. The model's old-
age dependency ratio is equal to (1 — A)/n. And for the old-age dependency ratio in
the data, as seen in Table 2, is 21.9% for the period 1970-2015. Table 2 also reveals
that n = 1.361 for the same period. Solving for lambda, we obtain 4 = 0.7.

Finally, the children preference parameter, €, needs to be set so that the model's
fertility rate per individual in the model matches OECD data. In the model, the 45-year
population growth rate is simply equal to the fertility rate per individual, n. Again,
Table 2 indicates that the 45-year population growth rate for the period 1970-2015 is
36.1% or 0.69% annually. Solving (14), the expression that defines fertility choices,
for € yields € = 0.539.

Notice that € = 0.539 ensures that a non-trivial steady state will exist; the lowest
permissible value, by (15), being € = 0.35. We make an important distinction between
reality and the model here. The model does not recognise that not every woman is able
or willing to have children. The rule of thumb is that 10% of adults do not have children
which means that, to maintain a constant population, each woman needs to have 2.2
children. These figures therefore ensure we have a non-trivial steady state, but also a
realistic population growth in steady state.

6. Steady state characterisation
6.1. A first look at the results
Table 3 summarizes the output of the baseline simulation. We see that the

demographic parameters, the number of children per agent and the age dependency
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ratio, are in line with what was experienced in a typical OECD economy as represented
in Table 2 for the period 1970-2015. Life expectancy at birth, as calculated by20 +
45 4+ 45(1 — 1), stands at 78.5 years, which is not far from the value observed in the
data for the OECD (75.3 years, source: United Nations Population Division).

The optimal debt to GDP ratio, d*, is then 49.67% which indicates a value that is
somewhat lower than the historical value for most OECD economies. This does not
come as a surprise, given the fact that most countries are far from respecting the golden
rule of public finance. The optimal ratio of public-to-private capital is roughly 25.5%,
while the optimized growth rate of output is 90% over the 45year period. This per
period growth implies annual average growth rates of 1.44% in steady state (0.75%
per capita). These values are a bit lower than the OECD economies actually
experienced in the 1969-2013 period (an average of 2.8%, or 1.91% per capita®®). The
reason for this is that we only include endogenous growth components, and not

exogenous growth effects (a growing TFP parameter A4).2

Table 3
Results of steady state baseline simulation.
d* Optimal debt to GDP ratio in steady state (no TFP) 49.67%
X Public private capital ratio 0.2546
y4 Annual economic growth rate 1.44%
y Annual economic growth rate per capita 0.75%
0 Tax rate 14.50%
¢ Saving rate (of disposable income) 11.86%
r Annualized interest rate 5.14%
n Number of children per person 1.36
Old-age dependency ratio 22%
Life expectancy at birth 78.5

20 The OECD Economic Outlook dataset for growth rates; World Bank WDI report for per
capita growth rates.

21 The model is not well equipped to have a growing TFP parameter A, since doing so may
imply ever growing steady state interest rates (see equation (6)).
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The resulting tax rate is 14.5%, which is a reasonable rate for taxes that finance
(service) only public debt and child-related spending. Furthermore, the savings rate
from disposable income is 11.86%, in line with OECD data in the AMECO database
(11.3%). Also, the annualized steady-state interest rate sits at 5.14%, somewhat higher
than the observed average OECD rate interest rate of 4.37% in the period 1969-2013.

What are the lessons from these simulation results? First: that a steady state solution
and a sensible and sustainable set of fiscal policies is both feasible and available.
Second: based on reasonable parameter values for the average OECD economy, the
steady state solution demonstrates realistic properties in view of the OECD experience
in 1969-2013.

They also suggest that public debt at just below 50% of GDP is a reasonable target
level to aim at. This accords well with the Maastricht Treaty/Fiscal Compact upper
limit of 60% to create a debt target with a 10% safe zone to accommodate shocks.
Moreover, it accords well with the pre-crisis experience of non-Eurozone economies
(the US or UK) where debt was held in the 35%-45% range. It also suggests a mixed
economy with a public sector share of around 25.5%: that is lower than in Scandinavia
or the Eurozone (Sweden, Denmark, France, Italy, Germany, the Netherlands), but
similar to that in the US, Canada, Australia or the UK in the pre-crisis era. Finally, it
suggests population growth very close to that projected for the OECD (Table 2).%

A first impression of these results is that the demographic situation is perhaps not as
bad as many commentators fear. But it will not be easy for most OECD countries to

get themselves down to this optimal steady state level of debt (that is to remove an

22 Qur calibration also yields an old-age dependency ratio of 22%, see Table 2. This is rather
low and suggests a new a risk: if migrants arrive but then adopt the mores of the domestic
population, as assumed by our model, then age-dependency ratios will rise without a
corresponding increase in long term population growth rates.
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average of 65% points from current debt ratios for those OECD economies with
excessive debt-GDP ratios in 2013%%), and to maintain the steady state rate of growth
in productivity at the same time, currently a problem of major concern to OECD
policymakers.

Our results are also consistent with standard growth theory models that show GDP
growth ultimately comes from either growth in productivity or growth in the
workforce. Since we have little of the latter (the annual population growth rate of
0.69%, is only a little above the constant population replacement rate), GDP growth
has to come from productivity growth. Demographics do not affect that: the population
growth is simply too slow to make up the difference. However, the transition to steady
state growth could become more difficult for economies that currently find themselves
a long way from that steady state.

6.2. Changes in the population parameters

To provide insight into the effect of demographic change on the steady state, we
evaluate the partial derivatives in Section 4 around the baseline in Table 3. The results
are in Table 4.

A general finding is that the changes in outcomes are all rather small with respect to
both X* and d*. Table 5 goes further; it reports the effects on X* and d* when we
calibrate the model to match variations in the demographics that might be expected in
the future (Table 2). We see that the effect in 2015-2060 is a decrease of 0.3 percentage
points in both X*and d*. That is extremely small. For 2060-2100, the decrease is even
smaller: 0.1 percentage points. These negligible impacts illustrate the economy's

structural robustness to age-related transfers. But € and A influence optimal debt

23 These countries are all OECD economies, except Chile, Estonia, Luxembourg, Norway, and
Turkey.
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through n and the child-rearing subsidy. So other performance indicators may be more
sensitive to variations in age-related government spending.?*

Thus, we conclude that not only is the optimal steady state under the new
demographics relatively benign, but likely future demographic and social changes will
make little difference to that steady state once the economy gets there. In short, there
is not much long-term sensitivity to demographic or economic shocks. Instead, for
most OECD economies, the difficulty will be how best to manage the transition from

where they are now to their steady state.

Table 4

Sensitivities to demographic parameters, OECD economies.

X, oX*/on 0.0067

ny an/oA 0.538

ng on/de 1.746

n, an/dp —0.234

d; ad* /oA 0.005

d; ad*/oe 0.016

d, ad*/ap —0.002
Table 5
Optimal public debt/investment policies with balanced budgets.

1970-2015 2015-2060 2060-2100

A 0.7 0.532 0.43
€ 0.539 0.42 0.382
Life expectancy at birth 78.5 86.1 90.65
X* 25.5% 25.3% 25.2%
d* 49.7% 49.4% 49.3%

6.3. Changes in the child-rearing subsidy
We now analyse how changes to the child-rearing subsidy rate p,, impact the steady

state and fiscal policy. As an example, we consider a case where the government uses

24 Some generalisations of the model might be useful here: removing the assumption of no
capital depreciation, or equal taxes on wages and subsidies, or subsidies as a fixed ratio to
wages.
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the child-rearing subsidy to reverse adverse demographic shocks. Specifically, suppose
a preference shift takes place such that agents have a lower propensity to raise children,
directing their income towards more consumption instead. This could be problematic
for society if fertility rates drop below the replacement rate (as is expected to happen
sometime in the period 2060-2100, see Table 2). Faced with this problem, the
government might wish to raise the child-rearing subsidy. From Section 4, we know
that (a) a drop in the preference for children leads to a lower optimal debt-GDP ratio;
and (b) a higher subsidy rate leads to increases in the optimal debt-GDP ratio. These
two effects conflict, so the end result on the debt ratio is ambiguous. It all depends on
which effect on d* is larger.

To answer that question, we introduce a calibration exercise where we look at the
steady state effects of a composite shock where there is first a drop in the preference
for children, sufficient to bring the fertility rate to the population replacement rate (1.1
per person), and then a rise in the child-rearing subsidy to bring the fertility rate back
to its baseline value (1.36 per person).

The results are reported in Table 6. All parameters are as in the baseline calibration
(Table 1) except for the explicit changes made to € and p,,.. For clarity, the tax rate has
been decomposed into the taxes necessary to service public debt and taxes needed to
cover the subsidies. From this calibration, we see that, ceteris paribus, a drop in the
preference for children decreases the total tax rate since, with fewer children, there is
less strain on the government's budget. There is also some extra saving as agents divert
their time allocation away from child-rearing to employment. Taxes to cover debt
service therefore increase when the preference for children goes down because more
public investment will be needed to generate the extra output and jobs. There are two
opposing forces here. On one hand, optimal public debt decreases, equation (30), as do

interest rates (though by a negligible amount, as Table 6 reveals). On the other, tax
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revenues decrease because subsidy payments (a partial income replacement) are
subject to tax, so fewer children enter the work force. This may create fiscal pressures
in order to service public debt. Ultimately, if the tax revenue effect dominates the
public debt effect, a higher tax rate will be necessary for debt servicing. However,
growth per capita may increase even if aggregate economic output falls because fewer
children are available for work in the future.

When we allow increasing subsidies to recover the baseline fertility rate, a different
picture emerges. The additional subsidy spending is covered by taxation, increasing
the total tax rate to well above baseline. This is due to the higher subsidy rate; the tax
rate associated with debt servicing actually decreases as a result of the extra tax
revenues stemming from the increased subsidy rates. The saving rate from post-tax
income remains the same. The public-private capital ratio and optimal public debt are

now both above baseline.

Table 6
Subsidies used as a policy tool.
- Decreased Increased
Baseline preference for subsidy
children

Preference for children (g) 0.539 0.401 0.401
Child-rearing subsidy (pw) 0.193 0.193 0.348
Fertility rate 1.36 1.10 1.36
Total tax rate ... 14.5% 12.9% 18.8%
...of which debt servicing 8.1% 8.2% 7.8%
...of which subsidy coverage 6.4% 4.7% 11.0%
Saving rate 11.86% 12.87% 12.87%
Interest rate (per year in steady state) 5.14% 5.14% 5.15%
Public-private capital ratio 25.5% 25.3% 25.9%
Government debt-GDP ratio 49.7% 49.5% 50.3%
GDP growth (per year in steady state) 1.44% 1.41% 1.51%
GDP growth per capita (per year) 0.75% 1.2% 0.82%
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Interestingly, per capita GDP growth and GDP growth are also both above baseline,
revealing that, in the face of a decreasing preference for children, an economy can still
benefit from increased public support for child-rearing at the aggregate level. When
the increase to the child-rearing subsidy is considered in isolation to the drop in the
preference towards children, we see that aggregate economic growth is increased,
whereas its per capita measure decreases. This reveals a trade-off in fertility-boosting
policies: changes in the subsidies may have opposing effects on economic growth and
growth per capita.

In sum, when a government attempts to preserve the fertility rate at current levels by
increased public support for child-rearing, the optimal level of public debt increases
along with higher tax rates and lower economic growth per capita. These results
illustrate the trade-off between population growth and economic growth when policies
are used to influence population size. Our analysis does not address the issue of an
optimal child subsidy of course; it merely reveals alternative steady state outcomes.

7. Sensitivity analysis and political economy trade-offs
7.1. Sensitivity analysis

The optimal debt level depends, to a large extent, on the composition of labour
productivity, in which g plays a key role. Fig. 1 therefore demonstrates the sensitivity
of our results to different choices for £.

As [ increases, we expect to see private capital become increasingly important to
output and labour productivity (h; in equation (4)), while public capital becomes less
important (decreasing returns to scale). The public-private capital ratio should
therefore decrease, along with the optimal level of debt (26). That much we see, with
rising growth rates, in Fig. 1. Conversely, X* and d* rise with falling §8; but growth

rates fall (if decreasingly so).
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In other words, the economy becomes increasingly dependent on public capital and
lower growth when the private sector's income share from productivity gains falls. This
is hardly a surprise. The question is, why would that income share fall; and why are
the impacts on X*, d* so large? It is worth stressing though that the impacts on growth
are relatively small if we restrict ourselves to plausible changes in 8, say 0.4 < 8 <
0.7. The share of private capital income in GDP is not likely to change beyond those
bounds — in which case annual growth rates would vary between roughly 1.25% and
1.75%, a fairly narrow range. However, X* and d* then vary from 18% to 35%, and
30%-70% respectively, a larger range but still consistent with a feasible and
sustainable steady state solution (and less debt than many currently have).

To some extent, the sensitivity of economic growth to changes in g is due to the
impact of taxation. Fig. 1 depicts a negative relationship between economic growth and

taxation.

Debt and capital ratios at steady state
various values of f§

140 3.5%
120% 3.0%
100% 2.5%
80% 2.0
60% \ 15%
40% 1.0%
20% 0.5%

0% 0.0

0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 09 1
B

X *: Optimal public-private capital ratio (left axis)
= d*: Optimal debt-to-GDP ratio (left axis)
= Balanced-budget tax rate (left axis)

Annual economic growth rate (right axis)

Fig. 1. Debt and capital ratios in steady state, various beta values.



A lower value of g implies an economy where public capital plays a larger role in
determining labour productivity. However taxes have to rise to cover the cost of
servicing the debt used to create that public capital. The negative effects of taxation
manifests itself directly through a reduction in savings at any given generation; this
partly explains why the economic growth curve is upward sloping.

Having to issue more government bonds crowds out the quantity of private capital
that can be generated from a finite amount of aggregate savings; this further increases
the sensitivity of X* with respect to the issuing of public capital. Coupling this
crowding-out with the fact that w falls when g falls, equation (26) reveals why the
debt-GDP ratio is the more sensitive variable. This suggests that fiscal discipline (rules)
should focus on the debt burden, rather than on the deficit. At the same time, real wages
are likely to fall, and returns to investment rise, if private capital's income share were
to fall (see (6) and (7)) when taxes and interest rates are low (as they are now). This
gives further insight into current concern for inequality.

7.2. Sensitivity to different subsidy and hazard rates

Next we explore sensitivities due to different child-rearing subsidy rates p,, and
hazard rates A. Fig. 2 depicts the change in the optimal debt-to-GDP ratio, d*, and
optimal public-private capital ratio X* as a result of doubling the child-rearing subsidy
rate; Fig. 3 depicts the effects of increased longevity (lower A values) on the same
variables. The main observation is that the impacts on X* and d* are rather small for
plausible values of B, say 0.4 < < 0.7. So the effects on growth rates will be
considerably smaller.

Since B is a key determinant of the positive effects public capital on growth, the d*
and X curves are downward sloping in Fig. 2. Thus, a government that attempts to
incentivize higher fertility choices in an economy that is heavily dependent on public

capital will tend to have higher optimal debt-GDP ratios (increases of more than 2
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percentage points for 8 < 0.5). In the opposite case, an economy where labour
productivity is little dependent on public capital, doubling of the subsidy rate produces
low to negligible effects on both d* and X*. Similar effects can be seen from increased
longevity, in Fig. 3: the effect on both d* and X*is now negative and negligible across
the board when the hazard rate is halved. In sum, economies that depend on public
capital to boost productivity (and thus, wage rates) are more sensitive to demographic
and public finance shocks; though these shocks never translate into meaningful
changes to optimal public debt schedule for the whole range of g values.

In general, the value of 0.55 for B in the baseline calibration seems to be a good
middle ground for plausible g values: 0.4 < 8 < 0.7. Extremes on both sides are
eliminated as we neither observe, or are likely to observe, the extremes associated with
low S values relative to the small variations associated with high B values. A key take
away is that the value of 8 does not change the sign of the impacts of demographic
change, but only their size.

7.3. Political economy considerations

Fig. 4 provides isoquant lines for different values of growth and debt. The isoquants
are determined by considering different mixes of a and g values. In this sense, who
benefits from productivity gains can be discussed in the wider context of economic
performance and debt sustainability.

The political economy implications here depend on specific interpretations of a and
B. As the value of 8 increases, private capital's share of the income generated by labour
augmenting productivity gains rises. By contrast, a fall in 8 implies greater importance
for public capital. At the same time, a rise in a increases the share of private capital
relative to the share of labour income in national income.

Fig. 4 can be interpreted as follows: If we go northeast in the diagram, private capital

becomes the main driving force of economic growth, both by having a major influence
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on labour productivity and by being the chief input in the production function. This
area represents economies marked by higher private capital income shares (relative to
both public capital and labour). Here we get lower debt, but little (if any) additional
growth, and none at all if the movement is mostly east. Conversely, movement to the
south-west would result in an economy largely dependent on public capital, resulting

in higher debt levels (and higher growth if the movement is sufficiently to the west).

Effects of doubling the subsidy rate on d* and X*
various values of §, p.p. difference from baseline

0.0 0.1 0.2 03 0.4 0.5 06 0.7 08 0.9 1.0
= X*: Optimal public-private capital ratio = d*: Optimal debt-to-GDP ratio

Fig. 2. Changing the subsidy rate, impacts on d* and X*.

Effects of halving the hazard rate on d* and X*
various values of S, p.p. difference from baseline

——X*: Optimal public-private capital ratio ~ ==m==d*: Optimal debt-to-GDP ratio

Fig. 3. Changes in life expectancy, the effects on d* and X*.
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Fig. 4. Steady state growth-public debt possibility frontiers under
different income shares for private and public capital.

By contrast, moving northwest up the diagram, an area where there is a larger share
of labour income at the same time that private capital is still highly relevant for the
productivity of labour, brings higher growth more rapidly. Debt reductions will become
increasingly elusive (and may not materialize at all if there is too much movement
west). The income gains from higher productivity will increasingly accrue to workers.
Conversely, movement to the south-east could lead to low shares of income going to
workers while there might be little change in the debt level. This is because, as a
decreases, the marginal productivity of labour decreases.

The implication of these results is that, in steady state, public sector productivity is
crucial to economic performance. The political economy trade-offs, in terms of
performance and fiscal imbalances, are laid out in uncompromising reality once we
account for changing demographics and how the gains from productivity are
distributed. It would appear that productivity plays a key role, perhaps even more than

we thought before.
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Furthermore, even if demographic change has small impacts on d* and X*, it is
important to highlight that changes to tax rates due to demographic change may not be
trivial. As Fig. 5 shows, the child-rearing subsidy is heavily correlated with the tax
rate, so that, for countries with stronger subsidies, a balanced budget rule obviously
requires stronger shifts in the tax rate to balance the fiscal current account. Thus, if
there is any impact of demographic change on optimal fiscal policy, it won't be on
public debt, but on tax rates and fiscal policy.

The process of demographic change has economic growth effects that are quite
small, but may cumulate into something larger over time. We also saw that economic
growth depends on population growth as well as productivity growth. This just
confirms the standard models of growth theory. However, once fertility choices are
endogenised, the problem of maximizing economic growth is not the same as

maximising growth per capita.

Effects of halving the hazard rate on tax rate
various values of p,,
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Fig. 5. The effect of changes in the subsidy rate on the general tax rate.

In fact, if the government turns fertility into a policy objective by introducing child-

rearing subsidies (and nearly all advanced economies do), the maximization of
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economic growth may imply reductions in growth per capita. The reasoning is as
follows: an increase in the subsidy rate at time t has three effects. One, it stimulates a
higher incoming rate of workers (higherN,,, N;,, etc.), since more children are born
at t. Two, labour supply permanently decreases [lower (1 — zn)] because more time
has to be spent on child rearing. The effect of increased subsidies on labour supply is
therefore ambiguous. Three, tax rates increase as a consequence of a higher subsidy
(and the rise in zn). But the increase in the number of future workers does not
automatically lead to higher savings in the future since the extra workers face a
decrease in disposable wages. In addition, any increases in labour supply will lead to a
permanent decrease in real wages, as seen in equation (7). Those effects, if they prevail
over increased post-tax earnings and employment, will decrease the flow of funds
available for investment. That is not guaranteed however. The overall effect of
increased subsidies on aggregate savings is therefore also ambiguous.

Be that as it may, even if higher subsidies lead to stronger wealth accumulation and
stronger growth, the impact on growth per capitay4/n, via the increase to the
denominator of this expression, may outweigh the positive effects of any decrease in
labour supply 1/(1 — zn). Thus, increasing the subsidy rate may lead to reduced
economic growth per capita.

8. Concluding remarks

1) Our model and simulations show that steady state outcomes for an advanced
economy facing today's demographic and social trends are always feasible and
available. They are relatively benign and resemble those of the OECD economies
a few decades back.

2) Plausible changes to population parameters and social conditions in the future
make rather little difference to the steady state outcomes for the optimal public-

private capital ratio and public debt once we get there.
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3) Instead the steady state is driven by economic fundamentals: productivity, the
production structure, and income generation. The real problem is therefore to get
to the chosen steady state without being derailed by undue strains or fiscal
collapse along the way. That is the next step in our research (Hughes Hallett et
al., 2017).

4)  Fiscal sustainability is a matter of changes in tax or spending in transition, not so
much long term debt.

5) Sensitivity tests show we can get a variety of outcomes for the public ownership
mix and debt level in the economy, but without much change in the performance
levels. In that sense our results are robust to parameter or assumption variations.

Hence demographic change is not necessarily a problem, if properly handled,
compared to the fiscal laxity seen over the past 20-30 years. This is contrary to a
conventional reading of the IMF's earlier advice. But it is consistent with the IMF view
if we reinterpret that to mean “ageing and social change are not a problem, in steady
state, so long as reliable fiscal rules or credible fiscal restraints are set up in advance to
manage fiscal policy and the transition”. We have shown that the golden rule of public
finance (the least intrusive form of fiscal restraint) is sufficient to do the job.

But to imply that ageing and changing demographics are not a problem in steady
state does not say that all OECD economies will find it easy to get used to living in an
era of slower growth and lower debt than they enjoyed for three or four decades past.
In fact, the real problem is likely to be how to create and then safeguard the transition
to that steady state. In short, the challenge is to find and maintain durable dynamic

adjustment paths.
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Appendix A. The solution to the optimal level of debt problem
We start from (21), with (20) and (7), to obtain an expression from which we can

derive a closed form expression for the economy's growth rate y4:

A+ _a () Gy = (A1)
¢ (aX+pW(1—a)lf1zln+1)A(1 ) (Gt) Lt Ne = Kepq + Graa
A (1-1)p _ _ zn
where C = Trapre Next we set C = p,,(1 — @) . 50 that (A1) becomes
AC( 1 )1‘“L=@@+@ (A2)
aX+C+1) 1-zn X®  Gpyq Gt Gt

Using (22) we can rewrite (A2) as
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~ 1 1-a 1 _ 4 1
AC (aX+C+1) i (1 + X)
This allows us to solve for the economy's aggregate growth rate, y4, to get

A = acr (A3)

T X9-1(X+1)(aX+C+1)

which is the growth rate we need to optimize with respect to the public-private capital

ratio.

-

To perform this optimisation, define C; = AC Take the first order derivative

1
1-zn'

of y4 (denoted by 7) with respect to X:
7(x) =—C5

Setting this expression equal to zero, we can write

(w-1DXC?[aX?+(@+C+1D)X+C+1]+X2 1 2aX+a+C+1)
[X®-1(X+1)(aX+C+1)]?

a(w—DX+(w—-D(@+C+ DX+ (0 - D(C+ DX 2+ 2aX? + (@ +C+ X1 =0
which results in a quadratic equation in the optimal public-private capital ratio X:
alw+DX2+w@+C+DX+(w—-1(C+1)=0

The optimal solution for X is therefore:

1— 1- 2 1—
—w(pw(l_%+1+a) + \/wz(pW%+1+a) —4a(1+w)(w—1)(pW%+1)

X12 = 2a(1+w)

which is (24) in the main text.

Appendix B. The positive root
We now demonstrate that our solution  for X™ is postive. We start  from

(25) in the text. Since w >0, 0<z<1, n=>1and 0 <a <1, it follows that

w (p oz gy a) > 0and 2a(1 — w) > 0. Therefore to get a positive solution,

W 1-zn

X* > 0, we need the numerator of (25) to be positive. It will be positive if and only if

a-o (-a) z (-a)
—w(pwﬁ+l+a)+\/w2(pwﬂ+1+a) —4a(1+w)(w—1)(pwﬁ+l)

1-zn
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is positive. We therefore need to check if this condition is in fact satisfied for the

parameter constraints that we have imposed. We require

(1-a) 2 a-o (-a)
\/wz (pwﬁ+ 1+ a) —4a(l+w)(w—-1) (pw 1_‘2;" + 1) > (pwﬁ+ 1+ a),
or
_ 2 _ _ 2
w? (pw % +1+ a) —4a(l+w)(w—1) (pw (11_az)Zn + 1) > w? (pw (11_az);n +1+ a) ;
- 1_
that is, —4a(1 + w)( — 1) (py 2 4+ 1) > 0
(1-a)zn

which is true since —4a(1 + w)(w — 1) = —4a(w? — 1) > 0 and p,, +1>

1-zn
0 both necessarily hold. Hence X™ in (25) is positive.
Appendix C. Signs of partial derivatives of X* and d*

In order to determine the sign of the partial derivative X;,, we introduce a shorthand

notation to write the solution for X*. Let f(n) = p,, % +14+a,50f(n)—a=

w

-0 4 4 \We define c = —

W o 1-zn 2a(1+w)’
X" =cf () — = f2(n) - 4a(w? = Df () — d]
Now let aF (n) = f(n), so that

We now rewrite X*in equation (25) as

X* = caF(n) —52aw\/§F2(n) —[F(n) - 1] +$[F(n) -1]

After taking the first order derivative with respect to n, we get:

X = caF(n) — ac ! Ep(n)pn(n) + (é - 1) Fn(n)]

e - Fm -1+ S Fm - 1)

Now let G(n) = %F(n) + (ﬁ - 1). Rewrite the denominator above as,

[t ()= oo () () ()

so that
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G(n)
Jorm-(1) (1)

To see the sign of X;;, we need to determine the signs of ¢, E, and the expression in

X, =caF,(n)|1 -

w
2a(1-w)

(1-a)z
a(1-zn)?

brackets. Since ¢ = —

<0, and E,(n) = p,, > 0, the expression in

square brackets is negative because the numerator is larger than denominator.
We now determine the sign of d; . Note that, through the chain rule, the
differentiation of d* with respect to p,, can be written as:
dj, = 20X 07X, + Xiny,)
where X; and n, denote first derivatives with respect to p,,. We already know the
sign of X;,. We are left to determine the sign of n, and X . For the first of the two,

we have that:

&€

Tow = v a-Dpra g 0

For the second, in order to determine the sign of X; we can perform an identical

analysis to that done for X, in sub-section 4.1, except that now we define instead
1 1

+1+a, aF(py) = f(pw), and G(py) = F(py) + (;— 1)-

With these definitions, we write:

(1-a)zn
1-zn

f(pw) = Pw

Glpw)
Je2on- (1) (1)

As before, to see the sign of X; we need to determine the signs of ¢, F, and the

X;, = cak,,(p) 1 -

w

expression in brackets. We still have that ¢ = —
2a(1-w)

< 0 and that the expression in

square brackets is negative because the numerator is larger than denominator. But now

(1-a)zn

. The numerator of this
a(1-zn)

we have a different expression to evaluate: F, (p,,) =
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expression is always positive. As for the denominator, since we have assumed that not
all of the individual's time endowment goes towards child rearing, i.e. (1 — zn,) > 0,
we have thatF, (p,,) > 0.

Thus X, is positive, and d,  is positive.
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Chapter 2

Reform and Backlash to Reform: Longevity Adjustment of

the Retirement Age
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1. Introduction

The phenomenon of demographic ageing driven by increased longevity and lower
fertility has led to a serious policy and academic debate about the sustainability of
pension systems. Many industrialized countries rely on pay-as-you-go (PAYG)
pension schemes, where payments to retirees are covered by current contributions by
the working population. The demographic structure is a key determinant of the
sustainability of such schemes and how generous they can be. In general, there are
three ways of adjusting PAYG schemes faced by ageing populations: The contribution
rate can be increased; the benefit rate can be decreased; or the retirement age can be
increased.

Preserving the living standards of both the retired and the working-age population
in an era of demographic ageing presents a very complex challenge. For example, while
lower pension benefits would improve the sustainability of the PAYG pension system,
they would also redistribute income from retirees to workers. The opposite
distributional effect holds for an increase in contributions to the pension system. The
point is that any distinct shift in either the benefit or the contribution rate will
necessarily imply some degree of redistribution of intergenerational welfare.?

An alternative solution to keeping the pension system on a sustainable path in an era
of ageing populations is to raise the retirement age. This would broaden the labour
supply by having individuals work for a longer period in their lives (the extensive
margin), while simultaneously decreasing the number of retirees by the same amount.

Such a policy would counter the adverse effects of population ageing on PAYG

% The issue of intergenerational equity/fairness is indeed complicated and contentious, depending,
among other things, on dynamic efficiency concerns and the definition of fairness. See, for example,
Howse (2007) for a discussion.
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pension systems, by exogenously decreasing the old-age dependency ratio and thus
increasing the number of contributors relative to beneficiaries.?®

Retirement decisions of individuals are complex, and affected by financial and social
factors. While financial incentives undoubtedly matter, the empirical evidence on
retirement behaviour shows a large spike in actual retirement at the statutory (or
official) retirement age. Furthermore, there is evidence that indicates large and sharp
hikes in the actual retirement age in response to changes in the statutory retirement age.

The statutory retirement age can serve as a reference point to which agents anchor
their retirement plans. For example, Lumsdaine et al. (1996) finds that 48% of men
working at age 64 retire at age 65 in Fortune 500 companies. Rather than being
explained by financial or demographic factors, the study suggests that the spike is
simply caused by an “age-65, rule of thumb” based on customs or accepted practice.
This observation is consistent with the findings by Cribb et al. (2016) who find that
changes in actual retirement age, when early retirement provisions are changed, are not
driven by financial incentives but rather a signal about the appropriate time to retire.

A number of studies related to retirement reform further demonstrate the role of the
statutory retirement age as a reference point. Based on Austrian data on reforms of the
public pension system between 2000 and 2004, Staubli and Zweimuller (2013) analyse
the effects of an increase in official early retirement age on labour market participation.
They find that an increase in the early retirement age has significant effects on delaying
pension claims. The labour market effects of the Austrian reforms are also evaluated
by Manoli and Weber (2016). They find that the reforms both increased pension-

claiming ages and job market exits. They further state that the official early retirement

% For a deeper discussion see for example, Queisser and Whitehouse (2006) who elaborate on
pension design in the context of actuarial fairness and neutrality. We do not pursue this discussion in
this paper.
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age is potentially an important reference point for retirement decisions?’. These results
hold even when accounting for the financial incentives agents are subject to when
leaving the labour market. This is investigated by Manoli and Weber (2014), who find
that financial incentives alone cannot explain retirement decisions; implying that non-
financial factors also play an instrumental role in retirement planning.

Brown and Laschever (2012) observe a peer effect on retirement timing, implying
that individuals tend to retire at the same time as their peers. The peer effect on
retirement decisions is also identified by Chalmers et al. (2008) who found that
individuals are more likely to retire when one or more of their co-workers retire: This
further highlights that retirement decisions are not solely driven by financial incentives.
These anchoring effects, coupled with specific schemes to incentivize older workers to
retire, tie the official retirement age tightly to the actual retirement age.

The focus of this paper is on how such exogenous changes in the statutory retirement
age interact with the endogenous labour supply decisions of households. Changes in
the intensive margin of labour supply have already attracted some attention, with a
focus on the tax-like disincentives of pension contributions; see, for example, Fisher
and Keuschnigg (2007) and Keuschnigg and Fisher (2011). Weil (2006) has also
argued that the distortionary effect of PAYG systems is the most important channel
through which ageing will affect output.

Backlash effects, where labour supply decreases on the intensive margin as a
response to increases on the extensive margin, have been found in previous theoretical
studies: Jensen and Jorgensen (2010) find the numerical existence of these backlash

effects under a public DB scheme when the retirement age increases in response to

27 Similar effects of reforms on actual retirement ages are found by Lalive and Staubli (2015) and
Mastrobouni (2009).
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decreased fertility rates. They find that a more-than-proportional increase to the
retirement age is necessary when fertility rates decrease. Borsch-Supan and Ludwig
(2010, 2013) numerically find similar backlash effects for public DB and private FF
schemes. In line with our results, they also find that backlash effects are stronger in DB
schemes as opposed to only private savings. We add to this line of research by, first,
showing the analytical existence of these backlash effects regardless of calibration, and
second, numerically show the size of these backlash effects under three different
pension schemes.

To our best knowledge, the empirical literature on backlash effect is very scarce.
This could be (partly) due to the rigidity of the labour market on the intensive margin.
Typically, workers face a choice between working full time or not at all. There is,
however, significant literature on the effects of taxation on the labour supply, which
relates indirectly to the themes addressed in this paper. For example, Meghir and
Phillips (2008), review the empirical literature and perform their own empirical
analysis to demonstrate the effects of taxation on labour supply on the intensive and
extensive margin. Their main conclusion is that incentives matter and that different
groups in society react to taxation differently. Women, and especially women with
young children, respond substantially to tax and benefits incentives on the intensive
margin. However, hours worked for males (intensive margin) is irresponsive to
incentives, while participation (extensive margin) is highly responsive.

When designing retirement reforms, our basic insight is that a higher statutory
retirement age can discourage workers from working, leading to a drop in hours worked
as an endogenous mechanism. Thus, retirement reform, implemented through increases
in labour supply on the extensive margin, might come hand-in-hand with a backlash
effect on the intensive margin. Identifying the existence of these backlash effects, and

their potential magnitude, is the key objective of this paper.
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Our analytical framework for demonstrating these effects is a simple lifecycle model
over consumption-leisure choices at the steady state level.?® In addition, we check to
what extent the sensitivity of these backlash effects depends on the design of the
pension system. Specifically, we distinguish three alternative schemes: a public PAYG
scheme, either of the defined-benefit (DB) or the defined-contributions (DC) version,
and a private, fully funded (FF) scheme. It turns out that the backlash effect critically
depends on the pension system in operation. The intended positive effect on the labour
supply is most successfully obtained with a public DC scheme in place, followed by a
private FF scheme, whereas the public DB scheme displays the strongest backlash
effects.

The roadmap of the paper is as follows: In section 2 we explain the basic
assumptions and build the model; Section 3 elaborates on the implications of
demographic change and shows the existence of the backlash effects following pension
reform; Section 4 features a calibration exercise to quantify the implications of
longevity shocks and retirement reform under different pension regimes; Section 5
provides an additional robustness analysis, providing further perspective on the
numerical results for different calibrations; Section 6 concludes.

2. The model
2.1. Basic assumptions

In order to analyse the effects of an increase in the retirement age on individual
labour supply, we base the analysis on the overlapping generations model in line with
Yaari (1965) and Blanchard (1985). We consider a small open economy and

incorporate endogenous labour supply decisions. Since the analysis is performed only

28 Our focus on steady state impacts should be regarded as a starting point. In later work we plan
to include transitional dynamics which, admittedly, may be even more important.
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at steady state, the small open economy is assumed to start at some point in the past to
the point where it is at steady state at time ¢t = 0. Hence, the analysis is carried out via
the age of a generation which enters the labour market at t = 0.

The economy is populated by agents who face a stochastic risk of death. This hazard
rate, or the instantaneous probability of death, is age-independent. We assume a fixed
population size, resulting in the number of agents “born” into the labour market being
equal to how many die at each moment in time. The hazard rate can be manipulated to
simulate longevity, since a lower hazard rate implies that agents live longer.?® Agents
save through actuarial notes, which include a component of life insurance that pays a
constant amount until the agent’s death, thus mitigating the loss of utility sustained
from the uncertainty of death.

Working agents can choose to spend a fraction of their time endowment working,
earning a wage at rate w. An individuals’ productivity is uniform and the wage is
therefore assumed to be constant both between individuals and throughout the
lifecycle®. However, the labour supply decision of working agents varies with age. A
mandatory retirement age is also implemented, labelled g, where agents are forced to
leave the labour market.

We abstract from welfare impacts that this mandatory retirement age may have,
since our analysis is not dependent on social welfare considerations. We simply focus

on the labour supply effects of shifting that retirement age under different pension

29 Having a fixed population size is compatible with our research objective, since what matters is
that we simulate a worker/retiree composition shift. A change in the hazard rate with fixed population
size provides us exactly that, a decrease in fertility and an equal decrease in mortality. We
acknowledge that it would be interesting to see individual results for both reductions in fertility and
mortality, but we leave that choice for future work and use the simpler setting here.

%0 See discussion in section 5.7 about age dependent wage profiles and 5.10 about decreasing
returns to labour
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regimes. The aim of the analysis is to shed light on the labour market response on the
intensive margin from changes on the extensive margin. The analysis therefore
considers policy reform in a narrower perspective, evaluating the actual performance
of the reform in question versus its original intent, a key consideration. Introduction of
a welfare analysis of different pension schemes and their effect on the intensive (and
extensive) margin labour supply is interesting, but in order to demonstrate clearly the
labour supply effects of changes to the statutory retirement age, these considerations
are left to future work.
2.2. Pension system

The introduction of a pension system in the style of Nielsen (1994) allows us to
extend the analysis to include judgements about the extent to which different types of
pension systems mitigate or amplify the adverse effects on individual labour supply
caused by pension reforms.

Since the mortality rate, g, is age-independent, the fraction of the population that is
retired can be expressed as:

fooﬁe‘ﬁfdr =e P9 @)

g

Hence, the fraction of working agents is (1 — e #9). The pension system
introduced consists of contributions denoted by k and paid by workers. The collected
contributions are transferred as pension benefits, denoted by b, to the retired
population. These contributions act as lump-sum “taxes” on those who have not
reached the retirement age. The pension system is a balanced budget period-by-period,
meaning that it must always hold that:

(1-eP9)k=e"Pop )
This allows us to analyse three different pension schemes: First, a DC scheme where

b is a function of k. Second, a DB scheme, where k is a function of b. Third, an FF
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scheme, where b = k = 0. Most pension schemes are either DC or FF, here we also
analyse DB. In this setting (DB and DC) the agents are forced to contribute the same
amount to the pension scheme regardless of how much they work.

For an agent born into the labour market at t=0 with age a, the discounted stream of
future transfers from the pension system is denoted by p(a) and for a working agent is
defined as:

g o
p(a) =J. —ke(r+5)(“‘7)d‘r+f peT+P(a-D g
a g

—1 + eBa+r+)(a—9) 3
(¢ ¢ ) k for DC )
r+p

=1 (=1 + efg++h)(a-9))

(—1+eP9(r + B)
0 for FF

The first integral represents the pension system transfer for working agents until

b for DB

retirement. The latter integral represents pension benefits that agents receive after
retirement. In the case of a retired agent, the first integral equals zero and the pension
system transfers are found using only the second integral.

For both the DC and DB cases, note that the value of the pension system at labour
market entry (age 0 in the model) is always negative. This is due to the static
productivity and population size, which makes the implicit return on unfunded pension
systems zero. Combined with positive returns on investment for the private savings

market, the pension contributions are worth less than an equal amount of savings.3!

31 Our results are thus within the context of a dynamically efficient economy, where long-run
growth, as dictated by population growth, is smaller than the interest rate. Abel et al. (1989) and,
more recently, Luo et al. (2018) find dynamic efficiency to be the case for the US and most other
developed nations.
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We aggregate values for pension transfers at steady state, denoted by P. That is, the
present value of all future pension transfers of all agents currently alive in the economy,
note that this is a steady state analysis and therefore the individual valuations of the

pension system, p(a), remains stable over time. This yields:
1—e"9
oo %k for DC
P=p ePp@da= T @
0 ple®— 1) b for DB
r(1—ef9)(r + )

We see that the present value of the aggregated stream of future pension transfers of

those agents currently alive is dependent on the pension system type, the size of the
contributions (benefits) for a DC (DB) scheme, the demographic structure (through the
hazard rate, B) and the interest rate, r. Note that this function is not negative, even
though the pension stream for agents at labour-market entry is negative. This is a result
of the fact that the present value of pension transfers is never negative during
retirement, meaning that P > 0 when § > 0 and P = 0 when 8 — 0.
2.3. Production and wages

The aggregate production function is given by Y = wL where w is exogenous and
potentially time varying and represents the economy's technological level. L represents
aggregate labour supply. Perfect markets are assumed, which implies that wages are
also exogenous and given by w = w. This is due to the marginal productivity of labour
being equal to the producer's cost of employing labour. The labour supply and
technology level determine the economy's output.

With wages set exogenously, we can determine the potential income over the life
cycle of the agent. The present value of earnings potential, or the potential future wages
of an individual aged a working in all his/her available time, where the time allowance

is normalized to one, is defined as:
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g (1 — e+hla=9))
h(a) = f weTBla-Dgr =~ 7., (5)
a (r+p)

If the agent has already retired, the earnings potential is equal to zero. The actual
income of the agent is dependent on the labour-leisure choice of the agent, while the
potential income is not. Therefore, the potential earnings separate the exogenous part
of the agent’s income from the endogenous part. Aggregate earnings potential at steady

state is then:

— e B -B —_e T
H= ﬁfge‘ﬁ“h(a)da =w 4 (1 e? _ePd-e y)) (6)
0

r+p B r
Aggregate earning potential depends positively on the retirement age. In terms of
longevity, its effect on aggregate earnings potential is ambiguous. There are two forces
in effect: on one hand, higher longevity increases the chances that workers live for
longer, thus increasing total labour supply; on the other hand, higher longevity
decreases the proportion of workers in the population due to the fixed population size,
which has a negative effect on total labour supply. There is no closed-form solution to
the total effect, and the result is reverted to the numerical exercise section.
2.4. Consumption and labour choices
The agent derives utility from instantaneous consumption, denoted by ¢, and
instantaneous leisure, denoted by 1 — (. The instantaneous utility function and
discounted stream of lifetime utility at age a are respectively denoted as:
u = In(c?[1 —[]*7) (7
u(a) = fooe Inc(t) e+
a ®)
+ (1 —-8)In(1- () ePtPlaDgr
Here, p > 0 is the discount rate and 0 < & < 1 dictates the relative weight the agent

puts on consumption and leisure respectively. Agents can work until they reach the age
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g, after which they are forced to retire. Note that as the agent reaches retirement age,
I(7) is set to zero and the second term reduces to zero.

When faced with a positive risk of death, an agent would be less inclined to save for
the future. We thus introduce actuarial notes issued at a fair rate (Yaari, 1965) that
include a component of life insurance. The purchaser of an actuarial note gets a
constant stream of payments until his/her death, and the assets of those who die are
redistributed to those currently living. These assets therefore act as savings for
individuals with an extra component of life insurance to the purchaser, indicated by
i(a). The rate of return on the actuarial note is then 74 = r + 5. We have adopted the
small open economy case, so the rate r is exogenous and equals the world interest rate.

Agents in the economy can freely lend and borrow at the international interest rate.
Parameter values distinguish whether a nation is a debtor nation, with relatively
impatient inhabitants, a creditor nation, with relatively patient inhabitants, or the razor
edge case of a perfectly balanced economy. In our setting, there is no intrinsic
characteristic that distinguishes foreign and domestic assets, so that, in the context of
a small open economy, it can be assumed that all an agent's wealth is held in an
unspecified mix of national and foreign assets. Note that the only traded assets for
saving purposes are the actuarial notes described above.

The working agent is faced with the budget constraint:

fmc(r)e(”ﬁ)(a_’) dt =i(a) + fgwl(r)e(”ﬁ)(a_f)dr +p(a) 9)
a

a

i(a) denotes total assets, or stock of actuarial notes, the agent holds at age a. For a
retired agent, the integral on the right-hand side reduces to zero. Solving the utility
maximization yields a relationship between labour supply and consumption for a
working agent:

74



£ (@) (10)

wl(a) =w— .

Differentiating the first-order conditions, and acknowledging that an agent is forced
to retire at age g, yields the Euler equations:

¢(a)

m—?"— (11)
—i(a)
—[1_l(a)]=r—pfora<g (12)
Ofora=g

This implies that consumption throughout the lifecycle follows the path c(a + 7) =
c(a)e™=PT, Asimilar relationship can be found for the time path of leisure (valid only
for when the agent is a worker).

Applying the first-order condition for consumption with the consumption/labour
supply relationship, equation (10), and the Euler equation, equation (11), on the budget
constraint and integrating, we arrive at a relation for the consumption at each age for
the agent:

c(a) = pli(a) +p(a) + h(a)] (13)

2 } for the working agent, which is a

Here, we define u = (p + B) {m

corrective term for consumption and leisure choices that account for the forced

retirement age. For a retired agent, the term reduces to u = (p + ) {i} For the
working agent, between the ages 0 < a < g, we arrive at the following relation for

leisure:

1-1(a) = (1£;€)u[i(a) +p(a) + h(a)] (14)

Consumption is thus directly related to the time until retirement (also captured in p),

the risk of death and the discount rate. For a working agent, the u expression always
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starts at a value lower than 1. Up towards retirement, this expression converges to
(p + B) and stays there throughout retirement, leading to the standard Blanchard-Yaari
style relation for consumption.

We can aggregate consumption over all households by applying the consumption
path based on the Euler equation. At steady state, aggregate consumption, C, and

aggregate labour supply, L, become:

o B © Be(0) (15)
_ Ba — (r Ba = ~ 7
C ﬁfo c(a)e F4da BC(O)J; el PmM%a p+pB—r
g
L= ﬁf l(a)e P%da
0 (16)
_BAIONA =TI e

r=p—p
2.5. Assets
From the budget constraint and realization about the aggregate pension transfers and

earning potential we establish the steady state aggregate stock of actuarial notes, I:

I = ﬁf e‘ﬁaf c(r)e(”ﬁ)(a‘f)drda—ﬁf e Fp(a)da
0 a 0

g g
—BJ. e‘ﬁ“f wi(1)eT*+A@-Ddr da
0

a

By applying the relationship between labour supply and consumption and by
plugging in aggregate earnings potential and aggregate future stream of pension

income we arrive at:

I=[3Lme‘5“%d —P - H+1;[; (“) ( r+A)@-9) _ 1)da

C —€ c(a)
ol=——-P-H + j pa (e *A@=9) — 1)da
p+p B )

Solving the integral, the steady state aggregate stock of assets can be expressed as:
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Here, for convenience, we define:

y=1+ ! g 8(1 _p—:Be—g(pﬂB’—r) +p+r$e—g(p+ﬂ)> >1

Note, that when we abolish the retirement age by making g approach infinity, the y
expression reduces to 1/¢. Adding to this, by abolishing the pension scheme, we arrive
at the same expression as in the standard Blanchard-Yaari model, i.e., C =
e(p+p)U+H).

3. Impact of population ageing and pension reform
3.1. Effects of demographic ageing

The effects of ageing in the form of a decrease in mortality and fertility rates are
now analysed for an agent just entering the labour market at the beginning of their
economic life (a = 0)%. This analysis is performed in a steady state perspective only
and for the razor-edge case, when r = p, though this assumption is relaxed in the
numerical analysis (below). Under this assumption, agents have perfectly flat
consumption (and labour supply) smoothing over their life cycle. If we relax this
assumption and allow r > p, agents plan their life cycle consumption and labour
supply paths with constant exponential growth when they enter the labour market; The
existence of backlash effects is not dependent on this assumption.

An agent entering the labour market chooses his consumption and leisure according

to:
c(0) = u[p(0) + h(0)] (18)

%2 Given homogenous agents and zero population growth, the case in point in this section can be
generalized to any other generation or point in time (if at steady state).
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1-1(0) = (1;) u[p(0) + h(0)] (19)

We see that any effects on the mandatory retirement age adjustment factor, u, the
pension value, p(0), and earnings potential, h(0), stemming from longevity shifts in
B will yield a level impact to consumption and leisure choices. Hence, these types of
shocks work only through income channels, and not through substitution channels
between consumption and leisure (see Euler equations 11 and 12 and the absence of
longevity factors there).

Starting with the longevity shock related to labour supply on the intensive margin
for new incoming generations with higher longevity. A decreased hazard rate makes it
more likely that an individual survives into a (now longer) retirement period. With
longer life expectancy and a fixed official retirement age, an agent now works for a
smaller portion of their lifetime. We therefore observe a downwards adjustment to
consumption-leisure during the working period, compared to a generation of
individuals with lower longevity.

Turning to the second effect of the longevity shock, in terms of labour supply effects
on the intensive margin, the effect of a change in the hazard rate on the present value
of earnings potential, h(a), is independent of the pension system type, and it reacts
positively to decreases to the hazard rate, 8. This makes intuitive sense, since a lower
B implies that an agent is more likely to survive throughout their working life. This
makes the agent feel wealthier, resulting in a desire for higher consumption and leisure.

The third component of the longevity shock is related to labour supply intensity and
the existence of unfunded pension schemes: The individual values of these pension
schemes are described by p(a), and they react negatively to a decreasing g for both
DC and DB pension systems. This is easily seen by noting that the value of an unfunded

pension system always starts negatively for an agent just entering the labour market,
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turning positive when the agent reaches the age a = rg/(B + r). When longevity
increases, the hazard rate, 8, decreases. That implies that the age at which the value of
the unfunded pension scheme turns positive for the agent is now higher, which makes
the value of the pension system even more negative at labour market entry. This has a
negative impact on consumption and leisure choices.

Given the different directions of the effect on u, h and p from a decrease in g, the
effect of a mortality/fertility reduction on leisure choices (or conversely, labour supply
choices) can only be asserted with a numerical exercise for all pension types
(performed below).

3.2. Increase in the retirement age

Since a decrease in the hazard rate exerts negative pressure on the pension system,
a natural pension reform would be to simply increase the retirement age so that the
portion of working life gets rebalanced. Such a retirement reform is now analysed in a
steady state context.

Increasing the official retirement age is analogous to increasing labour supply at the
extensive margin. This effectively increases the present value of potential future
earnings, as that will increase the amount of time an agent can work. On the intensive
margin, however it can have the effect of individuals choosing to alter their work
intensity. Where unfunded pension systems are concerned, the impact of retirement
age increase now depends on the type of unfunded pension system in place.

Basically, when the pension system is of the DC type, an exogenous increase to the
retirement age will decrease the present value at birth of the pension system, p(0),
since the contributions to the pension system are fixed. Additionally, a longer working
life implies a longer schedule of contributions relative to the expected benefits upon
retirement. In the DB case, an increase in g has a positive effect on p(0), since the

amount of contributions necessary to finance the pension system is now lower.
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The overall effect on the intensity of labour supply is determined by the joint effects
on both h(a) and p(a). In the DC case, the overall effect is ambiguous since the effect
on the value of the pension system is opposite to the effect on earnings potential. In the
DB case, the increased value of the pension system, when the retirement age is
increased, goes in tandem with the effects on earnings potential, and always dominates
the negative extensive margin effects. In the FF scheme, we have p(0) = 0 and the
sole effect of the retirement reform is captured by h(0) and u.

The conclusion is that, in the DB and the FF case, consumption and leisure (labour
supply) choices will increase (reduce) when the retirement age is raised for new
incoming generations. Therefore, in economies operating under DB and FF pension

systems, we get:

@ _ (20)
a9

@ _, 1)
a9

A retirement reform aimed at increasing the labour supply on the extensive margin
will have the unintended effect of lowering the labour supply on the intensive margin
at steady state. Thus, with DB and FF pension systems, there will always be backlash
effect to reform, where retirement age increases need to be more-than-proportional
relative to increases in longevity, in order for intensive margin labour supply to return
to its previous level. In these cases, agents who are faced with working for more years,
choose to work less each year. In the DC case, the effect is ambiguous, and the result
is reverted to the numerical exercise.

Finally, note that the retirement age does not enter the aggregation of consumption
at steady state, c, in any other way than through c(0). We can therefore conclude, that

under a DB or an FF pension system, aggregate consumption will necessarily increase
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as the retirement age increases. But the retirement age makes an extra appearance on
aggregate labour supply outside of [(0), as seen in the two exponentials in the equation
(16). These extra factors react positively to retirement age increases and ensure that
aggregate labour supply will always increase with the raising of the retirement age, the
backlash effect does therefore not dominate on the aggregate level. The effects of
ageing, or a pension reform of increasing the retirement age under DC has ambiguous
effects on both aggregate consumption and leisure. Again, we come back to this in the
numerical exercise.

4. Calibration

4.1. Baseline

So far, we have laid out the theoretical building blocks of our model. We now turn
to a numerical exercise that will allow us to explore the differences and dimensions of
ageing and reform of the pension system at steady state in the form of a retirement age
increase. The razor-edge assumption of » = p will now be relaxed. This numerical
exercise will be performed for different pension schemes, whether it is FF, unfunded
with DC or unfunded with DB plans. This analysis quantifies the backlash effects of
increasing the extensive margin of labour supply. 1t will also tell us, first, the direction
of impact from a change in the instantaneous death probability, or hazard rate, on
leisure choices for all pension types, and second, the direction of the impact on leisure
of changing the retirement age in the DC case.

We begin by establishing a baseline calibration: Since 47% of 15-24 year-olds
participated in the labour market in 2015 (OECD, 2019), we assume agents will enter
the labour market at the age of 20. The average effective retirement age in the OECD
was 64 years in 2015 (OECD, 2017), making g = 64 — 20 = 44. In terms of the

hazard rate, 8, we calibrate it to obtain a realistic old-age dependency ratio. The
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observed dependency ratios in OECD countries in 2015 is 29% (United Nations, 2017),
which implies 8 = 0.034.%

The interest rate, , is assumed to be 1.8%. This is in line with recent calibration of
the Blanchard-Yaari model in Benhabib, Bisin and Zhu (2014). The subjective discount
rate, p, is set at 1.5% which implies that the condition, » > p holds. It is thus a case
where the inhabitants of the economy are relatively patient compared to the outside
world, implying growing consumption and leisure choices over time. Following
Heijdra (2003), the relative weight of consumption in leisure is set to € = 0.25.
Furthermore, we normalize the wage rate to one. The average net replacement rate of
unfunded PAYG pension schemes in the OECD in 2013% was 53.3% of life-time
labour income (DICE Database, 2015). This results in the steady state lump-sum
benefit rate of 0.15 and a lump-sum contribution rate of 0.044.

The baseline calibration is summarized in the table below:

B hazard rate 0.034
p discount rate 0.015
r interest rate 0.018
g retirement age 44

w wage rate 1

b pension benefit rate 0.15
k pension contribution rate 0.044
£ weight of consumption in utility 0.25

33 Since life expectancy is at every time 1/8 for all members of society (aged 20+), an alternative
approach would be to calibrate 8 to match average years left of life of all currently living. This turns
out to be roughly 33 years for the European members of the OECD in 2015 (Eurostat, 2018a, 2018b).
The baseline calibration is based on a realistic dependency ratio, and it implies an average life
expectancy of 29.5 years, which resonates with the observed data.

34 We use year 2013 here since data for year 2015 is missing.
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Given these parameter values we can calculate the relevant aggregate values for the
baseline case. We can compare the two cases: with a mandatory PAYG pension
scheme, and without a mandatory PAY G pension scheme. At this stage we do not make
a distinction between the DB and DC case as the results are identical. These results are

summarized in the table below for each pension system:

. PAYG
FF pension .
scheme pension
scheme
C Aggregate consumption 0.254 0.247
L Aggregate labour supply 0.208 0.223
P Aggregate pension transfers 0 0.869
H Aggregate earnings potential 10.47 10.47
I Aggregate assets 2.564 1.347

The introduction of the pension system implies that aggregate consumption and the
aggregate stock of actuarial notes, or assets, drop significantly. This is due to the
foregone interest income the agents would have earned if their pension transfers were
invested instead. Consumption in the FF case is also higher, since the existence of the
unfunded pension system makes agents poorer. The same reasoning justifies a higher
labour supply in the DB and DC cases.

4.2. Fully-funded (FF) pension scheme

We now look at the effect of increased longevity on the lifecycle path of leisure. We
simulate the demographic shock by decreasing the value of g to 0.025, which
represents an increase in the average lifespan of 10 years.® The effects of the longevity

shock over the lifecycle of an agent is shown in Figure 1 below.

% The implicit assumption here is that the economy will have converged to the new steady state
after longevity shock and reform in one lifetime.
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The baseline labour supply is the dashed blue line and the path of labour supply after
the shock is the yellow line. Agents who are faced with higher longevity substitute
current consumption and leisure for future consumption. This is a combined result of
a higher chance of surviving and an expectation of being able to work for longer
because they’re more likely to survive until retirement, and individuals discounting the
future less heavily because they are more likely to be alive to enjoy their savings.

From Figure 1 we can see that the effect of increased longevity on leisure. Leisure
is subject to a negative shock from increased longevity, such that the negative effects
in the retirement age adjustment, factor p outweigh the increased expectation of
earnings potential 2(0). But as the expected agent lifespan has increased dramatically
for all age groups, aggregate consumption has risen (see table below). We see an
increase in aggregate consumption of 1.3%. In this case, there is a hike in the labour
supply each time of around 4.7% while the agent is working and aggregate labour
supply drops by 9.3%. This drop is caused by the higher proportion of individuals in
retirement, where labour supply is 0.

We now analyse the effects of countering the life expectancy increase with an
increase in the retirement age.®® We assume that the government attempts to preserve
the initial demographic structure as it was before the longevity shock took place, in
that the old-age dependency ratio goes back to its original value. In this case, we choose
a retirement age increase of 15 years, making g equal to 59. The implication with this
experiment is that, because the new retirement age makes the new old-age dependency

ratio equal to the original one before the longevity increase, the proportion of life spent

36 Again, the results displayed here are for when the retirement age increase has fully matured,
meaning that the economy is at steady state under the new longevity level and under the new
retirement age, where everybody in the economy is also under the new retirement age for the entirety
of their lives.
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as part of the labour force relative to time spent in retirement remains the same. In this
case, changes in aggregates stem solely from individual consumption and labour
supply choices, and not aggregate demographic composition effects.

When faced with a increase in the retirement age, the new higher longevity agents
anticipate being able to work longer during their lives, making them less likely to
survive into retirement compared to the case where the retirement age was unchanged.
This has the effect of lowering labour supply on the intensive margin and increasing
consumption at each time, as there is less of a need to save for retirement. The effects
are summarized in figure 2.

Figure 1. Life Cycle Path of Labour Supply in a Fully-
Funded System: Baseline and Longevity Shock
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Even though aggregate labour supply increases by 6.5%, it does not return to the
original value before the longevity shock. This is a result of decreased labour supply at
the intensive margin due to the existence of the backlash effect, which is reflected in a

reduction on individual labour supply at each point in time of around 3.4%, a result
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seen in Figure 2 where the yellow line shifts to the dashed green line when the reform

is implemented. The following table summarizes the aggregates.

Figure 2. Life Cycle Path of Labour Supply in a Fully-
Funded system: Longevity Shock and Retirement Reform
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Again, we see that the effect of a 15-year increase in the retirement age on aggregate

labour supply has a smaller effect than the longevity shock. Showing this result on a

smaller scale, in order to arrive at the same labour supply level on the intensive margin,

an increase in longevity of 1 year should be followed by an approximately 1.6-year

increase in the retirement age, under the FF pension regime.

Variable Initial scenario Longevity shock Ret!rement age
increase

C 0.254 0.257 0.2262

L 0.208 0.189 0.201

P 0 0 0

H 10.47 9.678 13.12

I 2.564 3.822 3.376
Backlash - 4.7% —3.4%
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4.3. Defined-benefits (DB) pension scheme

We now perform the same experiments for an economy with a DB pension scheme:
This case has an important consideration: When the size of the retired population
changes relative to the working population, the lump-sum contributions of the currently
working automatically change. An agent just entering the labour market will certainly
experience this change in contributions, but will not necessarily experience the pension
benefits, since they are not guaranteed to survive until retirement.

As before, we start by looking at the case of a longevity increase of 10 years. This
has the effect of increasing the survival probability of all agents. Those entering the
labour market are now more likely to reach retirement, and those retired are more likely
to survive longer after retirement. These two factors weigh in the same direction
causing the lump-sum pension contributions to increase.

As seen in the FF case, agents are expecting to enjoy a longer retirement,
incentivising them to increase their labour supply and decrease their current
consumption in order to finance consumption during retirement. The existence of the
DB pension scheme introduces a new channel of effects, where the increase in the
mandatory lump-sum pension contribution due to demographic ageing has the effect
of making the agents poorer, which further drives them to decrease consumption and
leisure.

We see that the negative pension effect dominates the positive earnings potential
effect when the hazard rate goes down. Hence, if a longevity shock is allowed to fully
mature in the economy, the intensive margin of labour supply would see an increase of
8.7% with consumption dropping by 4.1% at each point in time. Aggregate
consumption would drop by 0.9%, which is a change in the opposite direction relative
to the effects seen with the FF pension scheme. This is due to the reduced present value

of the unfunded public pension system at birth, which is not present in the FF case. The
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lifecycle paths of consumption and leisure for the baseline case and after the longevity
shock are displayed in Figure 3.

We now perform the same pension reform of increasing the retirement age by 15
years, such that the old-age dependency ratio remains the same as before the longevity
shock took place. The effects of an increase in labour supply on the extensive margin
has the effect of increasing the relative size of the working population and decreasing
the retired population by the same amount. In addition to the effects associated with a
shorter retirement, as traced above in the context of Figure 2, the retirement reform has
the effect of decreasing pension contributions, since the number of retirees receiving
pension benefits has shrunk and the number of workers has increased. These two
effects work in the same direction of lowering lump-sum contributions.

As a result, the working agents have more disposable income, leading to an increase
in both consumption and leisure. The backlash effect here, measured again as a
lowering in labour supply at each point in time, is 6.2%. These effects can be seen in
Figure 4, below. This effect works in the same direction as the effect of a longer
working life, but as seen when comparing Figures 2 and 4, the observed backlash
effects under an unfunded pension scheme are much more pronounced compared to
the case without them.

The implication is that the setup of the DB pension system affects the size of the
backlash effect. When the retirement age is increased, it rebalances the pension scheme
such that its value for individuals is improved. This in turn further stimulates the
backlash effect, reducing labour supply on the intensive margin. The following table

summarizes the aggregates.
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Figure 3. Life Cycle Path of Labour Supply in a Defined-
Benefits Scheme: Baseline and Longevity Shock

0.35F

0.30f

0.20}

0.15 I L I L I ]
20 30 40 50 60 70 80

Physical age

----- Labor supply, baseline Labor supply, shock

Figure 4. Life Cycle Path of Labour Supply in a Defined-
Benefits Scheme: Longevity shock and Retirement Reform
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. . . . Retirement age
Variable Initial scenario Longevity shock increase
C 0.247 0.245 0.254
L 0.223 0.212 0.219
P 0.869 1.310 0.930
H 10.47 9.678 13.12
I 1.347 1.873 1.935
Backlash — 8.7% —6.2%

4.4. Defined-contributions (DC) pension scheme

Finally, we perform our experiment in the setting of a DC pension scheme. The
effects on the labour supply and consumption decisions of agents when faced with
demographic ageing or pension reform have a different scale than in the DB scheme.
As longevity increases the proportional size of the retired population increases, pension
benefits drop as a result. This has the impact of decreasing the present value of future
pension transfers at labour market entry. The agent is more likely to reach retirement,
but when they do, pension benefits are drastically reduced. This causes agents to
increase their labour supply by approximately the same amount as in the FF case, as
well as saving more through private saving schemes. This results in the ability to have
a higher lifetime consumption. This is demonstrated in the table and Figure 5 below.

When faced with an increase in the retirement age of 15 years, we see a backlash
effect of reduced labour supply at each point in time of 2.6%. This effect is far smaller
than in the DB case, and even smaller than in the FF case. The reason is that the increase
to the retirement age now reduces the value of the pension system to the individual,

which softens the backlash effect.?”

37 This effect is dependent on the size of the contributions, but here we begin with the same baseline
for the DC as in the DB case.
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Figure 5. Life Cycle Path of Labour Supply in a Defined-
Contributions Scheme: Baseline and Longevity Shock
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Figure 6. Life Cycle Path of Labour Supply in a Defined-
Contributions Scheme: Longevity Shock and Retirement Reform
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Once again, this demonstrates how important the existence and type of unfunded
pension schemes are for the behaviour of the intensive margin of labour supply.
Whether retirement age increases have negative or positive effects on the value of the
pension system to an individual just entering the labour market matters in explaining
the sizes of backlash effects. This explains why the aggregates of longevity shock and
retirement age reform are the same in the DB and DC cases, but the observed backlash
effects are nonetheless different. The following table summarizes the aggregates for
the DC case:

Variable | Initial scenario Longevity shock Retlrement age
increase

C 0.247 0.250 0.254

L 0.223 0.202 0.219

P 0.869 0.778 0.930

H 10.47 9.678 13.12

I 1.347 2.665 1.935
Backlash — 4.6% —2.6%

5. Robustness analysis and further discussion

We now perform a robustness check on the sensitivity of the observed baseline
backlash effects to certain key parameters. We continue with a discussion on how the
lack of certain modelling devices can influence our results. These modelling devices
are endogenous retirement decisions, realistic mortality and productivity profiles, and
generalising the CRRA utility function to assume an intertemporal elasticity of
substitution different than 1. The numerical experiments we perform in the following
robustness analysis, and the associated parameter changes, are summarized in the

following table:
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Experiment Old New
parameter(s) parameter(s)

Increased importance of consumption in

- e =0.25 e=105
utility
Debtor nation | Stronger discounting p =0.015 p =0.02
scenario Lower interest rates r =0.018 r=0.012
Higher interest rate r=0.018 r=0.024
Higher pension replacement ratio 53.3% 100%

5.1. Decreased importance of leisure in utility

We simulate an economy with a much lower preference towards leisure as opposed
to consumption. This makes individuals less sensitive to leisure choices, serving as a
check into how important this sensitivity is to the size of the baseline backlash results.
We do so by doubling the baseline consumption preference parameter ¢ to 0.5. The
backlash effects, measured by the decrease in labour supply at the intensive margin as

aresponse to an increased retirement age, are now summarized for each pension system

type and put in context of the baseline results:

The robustness checks confirm that the baseline results are not heavily dependent on
the consumption preference parameter ¢ for any of the pension types, especially
considering the extreme experiment performed here of doubling the parameter. When

the preference towards consumption is increased, the backlash effects are diminished,

Backlash effect:

Baseline and lower preference for leisure

Pension . Robustness
Baseline case
system case
FF —3.4% —3.0%
DB —6.2% —4.8%
DC —2.6% —2.4%
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since the individual now values consumption more compared to the baseline case,
making the individual want to work relatively more when the retirement age is
increased to finance a higher desire for consumption. The differences between pension
systems are still preserved as in the baseline case for the same reasons. The case with
the strongest reduction is still the DB case, where the backlash weakened by 1.4 pp.
Both the FF and DC pension types saw decreases of less than half a percentage point,
with the DC system seeing the smallest backlash effect of them all.
5.2. Debtor nation scenario

We now consider a debtor nation scenario under two different experiments. For the
first debtor nation scenario, we perform an increase to the subjective discount rate of
one third, making p = 0.02. This makes the discount rate relatively bigger than the
interest rate, making individuals choose decreasing paths for consumption and leisure
(see equations 11 and 12). The economy, in turn, becomes one composed of impatient
individuals, making it a debtor nation. The results are now summarized:

Backlash effect:
Baseline and higher time preference

Pension . Robustness
Baseline case
system case
FF —3.4% —7.5%
DB —6.2% —10.6%
DC —2.6% —5.9%

The backlash effects increase dramatically the rise in p, making the backlash effects
higher in the order of 3-4 pp. By increasing how much individuals discount the future,
consumption-leisure choices become stronger during the working period since u
increases with p. Note that the present value of earnings potential and pensions are
unaffected by changes in p. The result is an increase in the sensitivity of labour-leisure

choices to changes in the retirement age.
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The second debtor nation scenario is performed by reducing the interest rate, r by
one third, making it equal to 0.012. Again, the nation becomes an external debtor, with
relatively fewer patient individuals. The backlash results are summarized in the
following table:

Backlash effect:
Baseline and lower interest rate

Pension . Robustness
Baseline case
system case
FF —3.4% —10.2%
DB —6.2% —12.4%
DC —2.6% —8.5%

We see that backlash effects are more sensitive to interest rate decreases than to
increased subjective discount rates. Decreasing the interest rate by one third, doubles
or even triples the observed backlash effects. The mechanism of action is different
compared to changes to the subjective discount rate. In this case, when the interest rate
is reduced, the value of u remains the same, but the present value of earnings potential
and pensions increase. Now, when the retirement age is raised, it produces stronger
value changes for earnings potential and pension wealth compared to when the interest
rate was higher. Individuals feel even more wealthy when the retirement age is

increased, exacerbating the backlash effect when compared to the baseline case.

5.3. Higher interest rate

We next simulate an economy that has an interest rate one third higher than in the
baseline case, making the economy a stronger creditor nation, with individuals saving
more aggressively in the beginning of their lives, choosing steeper consumption-leisure

paths when compared to the baseline case. The backlash results are:
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Backlash effect:
Baseline and higher interest rate

Pension . Robustness
Baseline case
system case
FF —3.4% —0.2%
DB —6.2% —2.8%
DC —2.6% 0.2%

Overall, the more relatively patient individuals are, the weaker backlash effects
become. The reason is opposite to the case studied just above, where the value of future
earnings and pension wealth drops with a higher interest rate, which attenuate the
backlash effects associated with a higher retirement age.

Interestingly, the backlash effect vanishes in the DC case, where the retirement age
increase raises individual labour supply on the intensive margin by 0.2%. Backlash
effects are nonetheless still present in the FF and DB cases. The takeaway is that, if the
difference between interest rates and subjective discount rates are large enough,
backlash effects tend to be mitigated or disappear altogether. Though it is important to
underline that large positive gap between interest rates and subjective discount rates
are unlikely to be observed in reality, so that our results remain robust for the average
OECD economy.

5.4. Stronger unfunded pensions

We also consider a case where the economy has a 100% unfunded pension
replacement ratio, as opposed to the baseline scenario of 53.3%. Since the FF situation
represents the case of 0% replacement rate, it is interesting to reveal the backlash

effects in the opposite situation as well:
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Backlash effect:
Baseline and stronger unfunded pensions

Pension . Robustness
Baseline case
system case
DB —6.2% —8.5%
DC —2.6% —-1.8%

Here, the increased volume of inter-generational transfers introduces stronger
impacts of the individual value of unfunded pensions p(a) in how wealthy an
individual feels. As asserted in section 2, when a DB system is in place, a later
retirement age increases the value of the pension system to the individual. When the
replacement ratio is 100%, this effect is amplified, so the backlash effects are now
stronger compared to the baseline case.

If a DC pension system is in place, a later retirement age reduces the value the
pension transfers at birth to the agent. That means that, with a higher pension
replacement ratio, the agent feels even poorer when compared to the baseline scenario
when the retirement age is increased. This results in diminished backlash effects, as
seen in the table above. Note that changes to the pension replacement ratio result in
opposite impacts to the backlash effects. Countries with full public pension
replacement of the DB type are more vulnerable to backlash effects than countries with
DC systems.

5.5. Generalized CRRA utility function

When considering changing the intertemporal elasticity of substitution from 1 (the
log case) to a more inelastic setting, it is important to consider that the model as it is,
has no substitution effect where longevity and the retirement age are concerned,
meaning that the relative “price” of consumption and leisure remains static when an
individual now lives for longer or has a longer period to work in. As such, changing
the intertemporal elasticity should have no relevant impact on the income effects we

measure.
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We take the position that the lack of substitution effects, with respect to longevity
and the retirement age is not a completely unrealistic setting. After all, when thinking
about one’s lifetime, longevity and retirement issues are more closely related to
financially planning a longer retirement than to one’s wish to enjoy more or less leisure
due to a different length of lifecycle. The implication then, is that it is on the level of
consumption-leisure that the main focus should be placed - and not its intertemporal
allocation rate - when considering shifts in longevity and retirement age.

5.6. Realistic mortality profile

The mortality profile featured in the model is a classic Blanchard-Yaari style
perpetual youth model where agents face the same mortality risk at all ages. We apply
a mandatory retirement age, making agents’ proximity to retirement age an important
aspect when making consumption-savings decisions. In order to portray a fair picture
of the size of the backlash effect, we calibrated the baseline to fit a dependency ratio
that is close to those observed in reality, see more details in section 4.

This does however imply that the age structure of society, both before and after the
retirement age is not realistic. Agents face a higher probability of dying before
retirement, and once retired they live longer than observed. The existence of actuarial
notes mitigates the mortality risk for savings, but pension transfers are not subject to
any such mitigation. These factors affect the absolute size of the backlash effect, but
should not change our main results: Namely, the existence of the backlash effect and
the fact that the set-up of the pension scheme matters.

5.7. Age-dependent wage profiles

The model features a flat wage-profile, implying that agents’ productivity is constant
over their life cycle. The fact is that young and old workers are not perfect substitutes
in reality. Younger workers might adapt better to new production technologies while

older workers have more experience. By applying age dependent wages, the labour
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supply over the lifecycle would feature a hump shape where agents work more during
the ages where they are relatively more productive, see equation (10). This in turn
would have an interesting impact on the backlash effect. As labour supply is increased
on the extensive margin, those extra years available to the agent are now less
productive compared to the case with constant wages.

This implies two things; first, that the size of the backlash effect would be smaller,
since their lifetime earnings potential is increased to a lesser extent; Second, the
backlash effect would, in absolute terms, be more pronounced at specific ages due to
the hump shape of the labour supply. This extension would then invite analysis on how
different age groups respond to retirement reform.

5.8. Endogenous retirement decisions

Agents in this model are forced out of the labour force at a specific age, at which
they might want to work for more years. As noted in the introduction, the connection
between the official and actual retirement age is complex and explained by both social
and financial factors. An interesting extension to this model would be to allow for
endogenous retirement. Analysing both the intensive and extensive margin of
retirement decisions requires a utility function featuring a distinctive mechanism for
intensive and extensive labour supply decisions. This could, for example, be done by
applying disutility of work similar to the one currently featured in the model, coupled
with extra utility from being retired (see for example: Kalemli-Ozcan and Weil (2010)).

The lifetime utility function could be re-written as:
oo 9
u(a) = f eln(c(a)) e *P*Ada + f (In(1-1l(@)) (1 —-¢e)—y)e *P*Pdaq
0 0

where y is disutility from being a part of the labour force. The agent would then
maximize his lifetime utility based on his consumption profile c(a), intensive labour

supply I(a) and time of retirement g. This would surely allow for endogenous
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retirement on both intensive and extensive margins, but also invite a host of questions
about the set-up of the pension scheme - and how the pension age would be tied to the
retirement age. In order to provide a realistic response to the actual retirement age when
the official retirement age increases, as traced in the introduction, some explicit link
between the two has to be established. We leave this to future work.

5.9. Proportional pension contributions

Applying pension contributions proportional to the labour income of the agents is
another interesting extension. This would establish a link between intensive margin
labour supply decisions of the agents and the pension scheme. These effects would
fundamentally change the dynamics of the model: First, equation (10) would change
to include proportional contributions which would act like taxation; Second, the
pension system balance would include aggregate labour supply in addition to the
demographic parameters.

The representative agent would therefore make labour supply decisions, which
would in turn affect the balance of the pension scheme, implying either a change in the
contribution or benefits rates, which would then impact the agent’s labour supply
choice. This dynamic would lead to changes in the Euler equation of labour supply,
affecting the shape of the intensive margin of labour supply.

Having an impact on the intensive margin of labour supply, proportional pension
contributions would deepen the sophistication of the analysis of the backlash effect.
The ability to separate the backlash effect into income and substitution effects is one
possible avenue this extension could provide the analysis with. We leave this to future
work.

5.10. Decreasing returns to labour
In the analysis, constant returns to scale of labour supply was assumed. Production,

Y, is assumed to be a function of labour supply, L, and the economy’s technology level,
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w, which was assumed to be exogenous and potentially time varying. Perfect markets
imply that wages are set equal to the technology level, w = w. This set-up of the labour
market implies that wages do not impact an agent’s decisions on labour market
participation.

By introducing decreasing (or increasing) returns to scale, the agent’s wages would
react to changes in the aggregate labour supply, both on the intensive and extensive
margins. This implies that in a DRS setting, the backlash effect would become greater,
since as labour supply drops on the intensive margin, the wages per hour worked would
increase, causing agents less financial loss from reducing their working hours. The
opposite would hold true in the increasing returns to scale case.

6. Concluding remarks

We specify a model of leisure-consumption choices that confirms our insights about
retirement reform. A reform that aims at increasing the labour supply on the extensive
margin, will have the unintended effect of decreasing labour supply on the intensive
margin. This was done in a steady state setting of dynamic efficiency with an unfunded
pension system, where backlash effects were shown to exist in an analytical setting for
DB and FF pension schemes.

We have shown that the type of mandatory pension scheme matters a great deal in
the context of either increased longevity or an increase in the retirement age. The
calibration exercises demonstrated how important the design of the pension system is
when implementing retirement age increases. A feature as simple as DC and DB can
make a difference to the decision-making process of agents when choosing the
intensity of labour supply throughout their lives. Basically, whoever pays the
“longevity bill” matters for how agents react to retirement age increases. In this case,

the existence and type of pension scheme can either reduce or increase the unintended
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effects of increased extensive margin labour supply on intensive magin labour supply
- or as we call it, the backlash effect.

Through our calibration exercise, we found that the effects under a FF pension
regime were in line with our insights about labour intensity. In the FF case, changes in
labour intensity were driven by anticipated length of the working life and retirement.
By adding a pension system, where pension benefits were contemporaneously covered
by contributions by the working population, another layer of complexity arose. The
effects of retirement reform on labour supply increased substantially in the DB case
compared to the FF case, leading to a relatively large drop in labour supply on the
intensive margin as a result of an increase on the extensive margin. But in the case of
DC, the opposite situation occurred, where the backlash effects of pension reform were
smaller than in the FF case. These differences indeed stem from the existence of an
unfunded pension scheme, its value to individuals, and how that value changes when
the retirement age is raised.

We confirmed the existence of backlash effects under different calibration exercises.
Our results are generally robust to changes in leisure preferences. In terms of the
interplay between interest rates and subjective discount rates, a key relationship for our
results, we conclude that debtor nations, where individuals have stronger subjective
discount rates compared to the world interest rate, have more pronounced backlash
effects. A one third increase (decrease) to the subjective discount rate (interest rate)
yields two to three times stronger backlash effects. In the case of an even more relative
patient economy, making it more of a creditor nation compared to the baseline, the
backlash effects tend to be mitigated.

The lesson to take from this study is that pension rebalancing reforms aimed at either
indexing retirement age increases in a one-to-one manner with respect to increases in

life expectancy or increasing the retirement age to preserve the same old-age
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dependency ratio, may fall short from accomplishing their goals at steady state.
Increases to the retirement age must be more-than-proportional with respect to
increases in longevity and need to account for the type of pension system in place.

For countries running DB unfunded schemes, increases to the retirement age should
most likely be much stronger relative to expected longevity increases, when compared
to other pension system types. Complimentary pension reforms should therefore be
explored. The situation looks much more benign for DC pension systems, where
retirement age increases seem to create relatively weak backlash effects. This pension
system type is much more robust to retirement age increases where intensive margin
labour supply responses are concerned.

Given the results presented here, a further look into these backlash results is
warranted, where other features should be considered. Future work should consider
features such as endogenous retirement decisions, realistic mortality, wage profiles and
proportional taxation. We acknowledge that the addition of these features would
provide a more accurate measurement of the backlash effects. The question of
economic transition to the new steady state is also a relevant one, which this paper does

not answer.
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1. Introduction

Everything points towards an increase in life expectancy for the elderly, i.e.,
individuals aged 65 and above. A typical estimate today is that the remaining life
expectancy for a 65-year old will increase by a year every ten years (OECD, 2017).
This raises a number of economic issues: One concerns public finances, which will
come under pressure as pension and elderly care expenses increase. Therefore, the
practice of linking pension age to life expectancy has become quite common (Jensen
etal., 2019).

While simple and logical, such longevity indexation rules pose a number of
challenges. One of them, and the theme addressed in this paper, is that they are
designed in terms of average measures. In Denmark, for example, the official pension
age increases in line with changes in average longevity (Andersen, 2015). However,
differences in life expectancy between high- and low-education workers, or high-
income and low-income workers, as well as between men and women, are well known.
Therefore, changes in the pension age based on an increase in average life expectancy
may affect different socioeconomic groups differently. Such intra-generational
differences may have important implications for lifetime utility for different groups in
society.

Therefore, if average figures are calculated over a highly heterogeneous population,
longevity indexation may widen inequality among the elderly. Such unintended effects
may seriously jeopardize the egalitarian objectives pursued by, say, Nordic welfare
states. For example, if longevity indexation would reduce lifetime utility of blue-collar
workers with health issues, due to wearing-out following a long working-life with
physically demanding routine work, unlike that of white-collar workers with a long
education and a shorter working-life, the broad political support behind longevity

adjustment might well gradually disappear.
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In this paper, we study these issues in further detail. Our key theme is the
implications of a longevity-indexed pension age in an economy where some segments
of the population live longer than others, in order to explore whether a longevity-
indexed pension age implicitly leads to intra-generational disparities. We believe this
fills an important gap in the academic literature. While a few papers have addressed
aspects related to intergenerational redistribution following the introduction of
longevity adjustment (see, e.g., Andersen, 2010; Jensen and Jgrgensen, 2008), the
intra-generational dimension has, to our best knowledge, not been studied as
extensively so far.

In a recent paper, Laun et al. (2019) study possible retirement reforms in Norway
intended to achieve solvency of social security in the face of population ageing taking
into account both efficiency and equity across education groups. They find that
proportionally lowering old-age retirement benefits as well as disability benefits
maximizes average welfare of all education groups although it generates inequality in
that recipients of disability benefits are more adversely affected. Auerbach et al. (2017)
study the effects of Social Security and Medicare on intra-generational equity in the
U.S. They compare changes in average lifetime benefits received by men in the highest
and lowest income quintiles between the 1930 and the 1960 birth cohorts and find that
the difference widens considerably over this period.® In an earlier paper, Fuster et al.
(2003) used an overlapping-generations model to study the heterogeneity in the value
households assign to the insurance role of unfunded social security due to differences

in mortality risk.%®

3% The present value of lifetime benefits at age 50 is equal for those in the highest and lowest
quintile of lifetime income for the 1930 cohort while for the 1960 there is a $130,000 gap in benefits.
39 Households where the children pay high taxes and the father has the shortest lifetime tend to
dislike social security. They like it most when the father is transferring income to his children and
facing borrowing constraints.
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We contribute to this literature by deriving a continuous-time model to show the
intra-generational effects of an unfunded pension scheme; how linking the pension age
to average life expectancy magnifies these intra-generational effects by increasing the
negative effect on the lifetime utility of those who have short life expectancy; and to
show the effect of changes in the income distribution between those with long and short
life expectancy on the intra-generational effect of such unfunded pension schemes.

From here, the paper proceeds as follows: We start by providing some additional
evidence of differences in life expectancy in Denmark of observably different groups
of individuals. We then derive an overlapping-generations model for groups that differ
in life expectancy but face a common pension age. Next, we use the model to explore
the externalities between the groups associated with their differing life expectancies
and provide policy recommendations. Thereafter, we calibrate our model based on the
different life expectancy of, respectively, blue-collar and white-collar workers in order
to get an estimate of the effect of the common pension age on the utility of different
socio-economic groups. Finally, we summarize our findings, point out some
implications for social and pension policy, and make suggestions for future research.
2. Heterogeneous life expectancy

In order to set the scene for this paper, we provide some additional evidence of
differences in life expectancy of observably different groups of individuals who share
the same system of a (flow) state pension or belong to the same pension fund. The
example that may first come to mind is that of men and women. Differences in the life
expectancy of men and women are well known and widely documented. The United
Nations published data on developed and developing countries in 2015 where
significant differences can be seen, with women having longer life expectancy than
men. Thus, the life expectancy for men is 80.9 in Japan, 79.4 in Spain, 81.9 in Sweden

and 80.0 in Denmark while the corresponding numbers for women are 86.6 in Japan,
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85.1 in Spain, 83.7 in Sweden and 81.9 in Denmark (United Nations, 2015). But these
numbers also reflect infant mortality, which is not a part of the issues addressed in this
paper. According to the OECD, the life expectancy at age 65 for men in these countries
is 19.6 in Japan, 19.4 in Spain, 19.1 in Sweden and 18.2 in Denmark while the
corresponding numbers for women are 24.4 in Japan, 23.6 in Spain, 21.5 in Sweden
and 20.8 in Denmark (OECD, 2019). Thus, a woman at age 65 can expect to live 4.8
more years than a man in Japan, 4.2 in Spain, 2.4 in Sweden and 2.6 in Denmark.

There are also differences in life expectancy across income groups. Table 1 shows
life expectancy in Denmark at age 60 by income quantiles. The difference between the
life expectancy of men in the top and bottom income group at age 60 was 5.9 years in
1996 and grew to 6.0 years in 2016. Similar numbers for women are 5.2 years in 1996
and 3.8 years in 2016. Thus, the gap between low-income and high-income women
was becoming smaller while the gap for men increased slightly.

Table 1. Life expectancy at 60 by income quantiles,

Denmark
Q1 Q2 Q3 Q4
Men
1996 149 17.6 18.9 20.8
2016 18.9 21.3 23.1 24.9
Women
1996 18.8 21.7 224 24.0
2016 235 23.9 249 27.3

Source: Danish Ministry of Finance.
In addition, there are differences between skill groups. Table 2 illustrates life
expectancy at 60 by skill groups in Denmark.
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Table 2. Life expectancy at 60 by education, Denmark

Shorter Longer
higher higher
Unskilled  Skilled education education
Men
2002 18.5 19.1 20.5 21.4
2016 20.6 22.0 23.3 24.0
Women
2002 21.8 22.8 23.6 23.8
2016 23.8 25.2 26.0 26.3

Source: Danish Ministry of Finance.

Comparing with income groups, the differences are smaller. For men, the difference
in life expectancy between those having longer higher education and those who are
unskilled was 3.4 years in 2016 and 2.9 years in 2002. For women, the difference was
2.5 years in 2016 and 2.0 years in 2002. In this case, the gap between the two groups —
those unskilled and those with long higher education — is becoming larger. This trend
is not necessarily a recent trend, based on Danish registry data Brennum-Hansen and
Baadsgaard (2012) find that the social life expectancy gap in Denmark has widened
since 1987.

Not surprisingly, the differences between the life expectancy of high-income and
low-income workers are larger in the US. In an early study, Kitagawa and Hauser
(1973) found significant difference in 1969 mortality by education. Waldron (2007)
found differences in life expectancy of the rich and the poor in the US and that this is
a gradient across the socioeconomic scale. More recently, Chetty et al. (2016) showed
that the life expectancy of the richest 1 percent in the U.S. is 14 years longer than that
of the poorest 1 percent and the top income quartile can expect to live about a decade
longer than the bottom quartile. These are much bigger differences than those found

for Denmark (see Table 1).
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Furthermore, both studies have found that the spread in life expectancy between
income groups is increasing. Case and Deaton (2017) find an increase in mortality and
morbidity among white non-Hispanic Americans in midlife (35-59) since the
beginning of this century, continuing until at least 2015 due to increases in drug
overdoses, suicides and alcohol-related liver mortality. Case and Deaton attribute this
development to progressively worsening labour market opportunities of whites with
low levels of education at the time of entry into the labour market, which is magnified
by the over prescription of opioids and other drugs. Educational differences in
mortality among whites are increasing to such an extent that mortality has risen for
those without a college degree while decreasing for those with a college degree.

The gap between income groups is evidently not as wide in Europe. The OECD
(2017) reported that the average gap in life expectancy in Europe between those with
tertiary education and those below upper secondary education is 2.7 years. For
example, the gap is only 1.5 years for Denmark. Moreover, Case and Deaton show how
mortality rates have continued to drop in Europe, especially for those with lower levels
of education. Thus, European countries had an average rate of decline of age-adjusted
mortality of 2.0 percent per year between 1990 and 2015, while non-Hispanic whites
without a college degree in the US saw that same decline only until the late 1990s,
when mortality started to increase for those without a college degree.

Differences in longevity also exist between a wide array of other social groups, such
as those defined on the basis of race, country of origin in the case of immigrants,
professions, and so forth. However, in this paper we will calibrate our model for socio-
economic groups since they are an obvious example of groups that pay the same

amount into pension schemes but have different life expectancies.
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3. A model with overlapping generations and a heterogeneous population

In this section, we explore the implications of differences in longevity across groups
and lifetime utility when there is a common pension age for the whole population. We
set up an overlapping generations (OLG), stated in continuous time, and with a
heterogeneous population based on Andersen and Gestsson (2016) and Gestsson and
Zoega (2018). We, as well as these two papers, depart from Blanchard (1985) by
assuming that the probability of dying increases with age. Thus, the old differ from the
young in facing a higher probability of death and there is a maximum possible age for
every cohort.

We depart from the basic model in Andersen and Gestsson (2016) by introducing a
more realistic mortality profile and splitting the population into two heterogeneous
groups. In that paper, no one dies before reaching pension age and thereafter, the size
of a cohort gradually reduces until no one is left. In contrast, we start with data on
actual mortality profiles and calibrate our theoretical model to fit this profile. In
addition, and this is the key contribution of our paper, one half of the population,
denoted by H, enjoys high life expectancy, while the other half, denoted by L, suffers
low life expectancy. Agents can choose when to retire, making consumption and saving
decisions while paying into a pay-as-you-go (PAYG) pension scheme. When they
reach the pension age, they becomes eligible for pension benefits. After retirement,
they consume based on their savings and pension transfers. Agents can die at any time,
but their instantaneous death probability, or hazard rate, is dependent on their age and
societal group. The maximum age possible is A. We can then use the model to explore
the effect of increased longevity of one group on the lifetime utility of the other, the
effect of changes in the pension age on the utility of both groups, and, finally, the effect

of changes in the income of both groups on their lifetime utility.
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3.1. Age-dependent death probability

The cumulative distribution function (CDF) captures the chance of being dead at age
a, where i € {H, L}. The superscript denotes which group each agent belongs to. We
adopt the realistic mortality structure introduced by Boucekkine et al (2002). The CDF
of time of death (D) takes the following form:

. a ehia — 1
<D’(a)=Pr(DSa)=JD qo’(D)dD:ﬁ,i:H,L (1)

The parameters )y > 1 and p} > 0 determine the shape of the CDF. An increase in
b makes the denominator of the CDF greater, proportionally increasing the probability
of being dead at each age. Importantly, any change in ¢ has an age-dependent positive
effect on the numerator. Therefore, a manipulation of both parameters allows us to
change the slope and reach of the CDF, effectively creating a mortality profile that
closely resembles reality, see Figure 1. Equation (1) can be used to approximate the
empirical survival curves shown in Figure 3. In general, we have to assume that the
group that suffers from a shorter expected lifespan has either a lower value of u} or a
higher value of ¢ (or both) than the high longevity group.

From the CDF we can find that the chance of being alive at a given age, a, denoted
by m!(a), is:

i i
6 — eMaa

mi(a) = 1 — di(a) = & )

The maximum age for each group, A = In(uj) /ui, can be found through the CDF.
We see that the chance of being alive is strictly decreasing and strictly concave at an
increased age.

9’mi(a)

0@ _ 0 and <0
da an da?
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Figure 1. Cumulative distribution function of time of
death
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The probability density function (PDF) of death, is found by differentiation:

) i ghia
¢'(a) = Z — 3)
0

These functions are depicted in Figure 2 along with a hypothetical pension age, P,

and the maximum possible age A.
Figure 2. Mortality over the lifespan
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3.2. Private insurance/pension system

In line with (Yaari, 1965), we introduce an actuarially fair insurance company that
provides agents with actuarial notes. The purchaser of an actuarial note gets a constant
stream of payment until his death. The notes are in a sense an annuity, which, at the
time of the purchaser’s death, leave the insurance company free of any obligations. This
mitigates the loss of utility caused by the uncertainty of death, as all of the agent’s

private assets are held in these notes. These notes pay the rate ri(a) =

foar + Bi(z)dz, where Bi(z) is the instantaneous death probability of agent aged a:

i i ula
i@ =1 = dg?()a) - #gl_e‘;ua @
Here, the small open economy setting, where r is exogenous, has been adopted.
Equation (4) implies the insurance company can observe which group each agent
belongs to, paying group L a higher rate of return, because their instantaneous death
probability is higher than those of group H. Therefore, assets held in these notes can
be interpreted as a private pension fund or a life insurance policy. From this we get the

rate of return:
a ) )
ri(a) = f r+pi(z)dz=ar —In (,u(i) - e”ia) +1In(ph — 1) (5)
0

o i i_eula
which implies: e "' (@® = e“"%
T

= e " mi(a).

It can directly be observed that the mortality profile influences the rate of return and
therefore plays a key role in the consumption-saving decisions of agents.
3.3. Beveridgean-type public PAYG pension system

Agents are forced to pay into a government-run PAYG pension scheme. Contrary to
the private insurance company, the government, and therefore this pension scheme,

cannot “see” which group each agent belongs to. So, all agents pay the same amount
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into the PAYG system while contributing and receive identical pension benefits after
reaching the pension age, providing that the agent is alive. This system represents the
social security system of the economy.

The pension system is run on a balanced budget basis:
_ TN,

Ny
Here we operate in the defined contributions (DC) case, where we treat pension

1 (6)

benefits, 11, as endogenous, implying a defined contribution scheme, and the pension
contributions, T, as exogenous. Conversely, in the defined benefits (DB) case, we treat
pension contributions as endogenous and the benefits as exogenous. Here both groups
pay the same amount into the pension scheme. In section 5 we will wage-index the
pension transfers and allow for an asymmetric income distribution. For simplicity, we
start with a uniform income across the groups causing any wage-indexation to yield
identical results as in the case where the groups pay the same dollar-amount.

The subscript denotes which group an agent belongs to; N, and N, represent the
number of pension benefits recipients and contributors, respectively. P represents the
pension age. We can find the number of contributing agents and agents receiving

benefits from the pension scheme:

N, =N} + NH = afOPmL(a)da +(1-0) fopm”(a)da

7
B = "
Hi—H1Ho U1 —H1 Ko
L H At Ay
Ny = Ny +Nj' =0 [ m'(a)da+(1-0) [, m'(a)da
®)

L H
_ Uu%—ln(ué)ué—e“lpwu%u%_'_ (1-0) ul —In(u)uf et PPt ull
uh—pbug p—pfull
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We impose 0 < o < 1, where g and 1 — ¢ are the proportional size of the new-born
cohorts of group L and H, respectively. Agents in this economy are continuously dying
and new agents are continuously being born. The whole population is of size:

N =Nt + NH
b —In(uf) uf—1 ulf —In(fHplf -1 )
=0 T_ L1 +(1-0) H_  H, H
Hi — Uil Wy — U Ko

Population size is therefore dependent on the life expectancy of each group.

Naturally, the population size is not a function of the pension age and is not affected
by the pension system. However, the structure of the pension scheme depends on the
demographic structure.
3.4, Utility maximization

Agents maximize expected lifetime utility:

Al

Ai
E) =f e %mi(a)u(c(a)) da + f we %mi(a)da (10)
0 L

R

Where u(c(a)) is utility derived from consumption at age a, utility derived from
leisure during retirement is denoted by w and § is the discount rate. We assume that
the agent can choose between two alternatives, either he works full time or is retired
and doesn’t work at all. The agent decides when to retire from the labour force but once
retired, the agent cannot transition back into the workforce. This setup of utility during
retirement is in the style of Kalemli-Ozcan and Weil (2010).

The lifetime budget constraint becomes:
fORlyi e @da + f:l Me " @dq = f:l c(a) e @da + f:Te_ri(“)da (11)

Notice that while the retirement age, R, is endogenous the pension age, P, is

exogenous. The agent cannot decide the rules of the pension scheme, but he can decide
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when to retire. Here y' is the income of agents. The first order condition of the utility
maximization problem w.r.t. c(a) yields:

e %mi(a) u’(c(a)) =ye "mi(a) (12)
where y is the Lagrange multiplier. By assuming the real interest rate, r, equals the
subjective rate of time preference, &, we get:*

u’(c(a)) =y Vac€][0,4"] (13)
which implies: c(a) = ¢! Va € [0, 4].
Finally, from this realization, the budget constraint, and applying the identity of the

PAYG-pension system (I1 = TNﬂ), we get that each agent consumes according to:

Ai
ct f e~ mi(a)da
0

P

R
= if e‘armi(a)da—Tf e % mi(a)da (14)
0 0

TN,
N,

Ai
f e Y mi(a)da
P
By rearranging we arrive at:
i f:Le“"mi(a)da T f:e“” mi(a)da

Ci i i
fOA e~ mi(a)da fOA e~ mi(a)da

l. (15)
TN,, [2 e~ mi(a)da

N, f:l e~ mi(a)da

40We can do this, as we are not interested in the lifetime consumption path of each group, but
rather the total lifetime consumption of each group.
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The consumption of the agent is dependent on the relative portions of his expected
lifetime spent working, captured by the first fraction in equation (15), time spent
contributing to the pension scheme, captured by the second fraction, and time spent
receiving pension benefits, captured by the last fraction. When planning his
consumption, the agent accounts for his contributions to the pension scheme and
expected pension benefits later in life, both of which are influenced by the demographic
structure of society. Therefore, the agent has to account for his own life expectancy
and the life expectancy of the whole population when making consumption decisions.

The old-age dependency ratio dictates the contributions/benefits structure of the
pension scheme. This is an obvious way in which the demographic structure of society
influences the consumption plan of the agent. These effects are analyzed in sections
4.1 and 4.2. More subtly, as the pension age is uniform across the population, any
changes in the life expectancy of one group will raise the average life expectancy of
the whole population, which might lead to a rise in the pension age. In sections 4.3 and
4.4 we elaborate further on the implications of pension age increases.

4. Experiments

Having presented our analytical framework, we next study some of the results that
can be derived from it. We concentrate on longevity shocks and changes in the pension
age.

4.1. Asymmetric longevity shock

We now turn our attention towards the implications of increased longevity by
deriving the effect of a widening of the gap between the life expectancies of the two
groups. The widening of the gap between the life expectancies of the two groups can
either manifest itself in a lowering of uf or increases in u&' causing the high longevity

group (H) to live even longer.

125



We begin by lowering uf and keep uff, ut, uk and P constant. This rise will
therefore not affect the mortality profile of the L group but will change the consumption

pattern of the L group through the pension system.

N eMP(1—Puty —1
c oGP 1 (16)
oy (u')?(ug — 1
oN, B —In(ui) ull — em'P (1 — Pt
b—(l—o)'uo (1o ) Mo ( #1)<0 (17)

ouy (2 (uff — 1)

We are not only interested in the effect on each population, but also the effect on the
ratio of pensioner to contributors. We find that the contributing population grows more
than the pensioner population when we raise longevity via pi. This implies that
pension benefits will decrease for both groups. Therefore, group L will receive a lower
return for their contributions, because the drop in pension benefits is not caused by an
increase in their own lifespan. The expected lifetime consumption of members of the
H group will rise, since their expected pension benefits will increase because of their
increased life expectancy. Therefore, a positive longevity shock on one group has a
negative financial effect on the other.

We can also simulate the asymmetric shock by increasing uff while keeping all other

parameters in the mortality profile, u?, uk and uf, and the pension age, P, constant.

aN eM'P _pyt _q
g pr (po — 1)
aN H 4 pytl — In(ull) — e#i'P
b (1_U)M0 I} (u9) >0 (19)

oufl Wil (ull - 1)2
We observe the same effects in this case; the expected lifetime consumption of the

H group increases at the cost of the L group.
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4.2.Population shock

We have seen that the longevity of one group has an effect on the welfare of the
other through the PAYG scheme. This welfare effect depends on the relative sizes of
the H and L groups. Let’s define the PAYG equality, from equation (6), as 4
N, _oNt+(1—-o)N! (20

N=T—=T— —
N,  oN}+ @1 -0o)N} )

where: NCL = j;)PmL(a)da, NE = fPAL mL(a)da, NCH = fOPmH(a)da and NP = f:” mH(a)da.
Now we can see what happens to the PAYG benefits (or contributions in the DB
case) when the relative sizes of the group changes:
o _ (NE-NEY(oNE+(1-0) NI - (NE- Nb YoNL+(1-0)NH) >0 1)

do (oNE+(1- a)Ng’)

The sign of equation (21) can be determined by solving the numerator:
NE  NE

(1—o)NINE + oNENE — (1 — 0)NENE — oNENE = W >0 (22

This implies that when the size of the L group increases, the pension benefits for
both groups increase. This is due to the fact that the L group pays proportionally more
into the PAYG scheme than it receives as benefits. So, as the number of L agents
increases, there are proportionally fewer long-lived agents who collect benefits in old
age. Because the PAYG scheme is balanced at each time, this translates into either a
drop in the contributions, T, in the DB case or a rise in the benefits, 1, in the DC case

as described in equation (21).

4170 analyze the effect on the size of one group on the pension transfers we have separated o from
the definition of the relative size of each population group, see equations (7) and (8).
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This implies that when the H group gets smaller the remaining members get even
richer through the PAY G scheme. Conversely, as the L group gets smaller its members
are even worse off.

4.3. Rise in the pension age

Having derived the effects of a longevity shock we now turn to changes in the
pension age. At first glance, we see that the probability of surviving until the pension
age is always lower for members of the L group than the H group. Furthermore, by
differentiation of the survival chance, we get:

omi(P) _ pler”

: 0 23
P M6—1< (23)

From this expression, we see that any change in the pension age will have a greater
impact on the probability of reaching the pension age on members of the L group. The
L group already suffers from a lower chance of survival to the pension age, but any
raising of the pension age will widen this gap in survival probabilities.

The effects of the pension system are not only captured in the probability of reaching
the pension age, but also with the relative population size of pensioners. The rise in the

pension age entails:

N, eMP—ul et — ulf
S il JY C S i 24
op 71— us 1-9) 1—puf @)
ON,  ON.  uk—eHP ul — eri”
P~ P " 1= TA-OT T @)

Since we treat the pension contributions, T, as exogenous in the DC case, the pension
benefits increase with the pension age. Regardless of whether the difference in
longevity is caused by pt > uif or pk < uH we can see that the following holds

(assuming that ¢ = 0.5):
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L Lp_ L fp H H
i et —puy  ON;

—g——2 < (1—- 26
ap ¢ 1—ud (1-9) 1—ull oP (26)
ONL L _ ouiP H_ ouf’P gNH
Rl A R € T B 27)
ap 1—ug 1— g ap

This implies that the change in the size of the contributing (or pensioner) population,
when the pension age increases, is greater for the H group. But this is solely due to the
fact that the population of the H group is higher when reaching the pension age,
because members of the L group are more likely to die before then.

The ratio between population contributing to the pension scheme and population
receiving benefits for each group will shed further light on this. Let’s define the
dependency ratio, I'* for i € {H,L} as:

o _Ni _ b —In(ub) ub — eMi” + Puiuh

ri==2 . —_
Ne etk — Puip —1

. N (28)
_#o—In(uo)pmo—1
etiP — puipb —1

We see from the denominator of the fraction on the right-hand side that the size of
the impact of a pension age hike is greater when g, is bigger. This implies that the
impact on the dependency ratio of the population of the L group is higher than the H
group. Next, we find the effect of an increase in the pension age:

or' (1 +1n(up) wo — u) (eMP — pb) <0
op (Puuy — eir +1)°

(29)

We conclude that when the pension age, P, increases, the dependency ratio
decreases. From the expression above we also see that this impact is greater for the L
group, which suffers from high values of ;. An increase in the pension age will

therefore affect the dependency ratio of both groups, but it will affect the L group
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disproportionately. Agents in the L group will be forced to contribute longer, and the
gap between the H and L group in the probability of reaching the pension age will
widen. This leads to the negative financial effect associated with the longevity shock
becoming even greater. A rise in the pension age will exacerbate the negative financial
effect caused by the disparities in longevity between the groups. The L group will end
up contributing more than before to the PAYG scheme while getting lower benefits,
since they are less likely to reach the pension age.*? We arrive at the same results when
simulating the asymmetric longevity through py.%
4.4. Longevity indexed pension age

In the previous section, we explored an exogenous rise in the pension age increase.
Now we treat the pension age as endogenous by linking it to the average life expectancy
of the whole population. The life expectancy of each agent when entering the labour

market, A, is:
o In(ud) pb + 1 —
Al = n(ﬂoi) #(; Ho (30)
uy(ug — 1)
The pension age follows;
In(ug) us + 1 — ug In(uf) uff +1 —uff
P(A) = A(a +(1-o0) (31)
ui(ug — 1) w (g — 1)

where the average life expectancy of the whole population when entering the labour-
market is A = oA" + (1 — o)A¥and A is the proportional indexation parameter. We
generally expect A to be greater than zero and less than one. For example, a population

that has the life expectancy of 80 years, that enters the labour market at age 21 and

42 The members of the L group that reach the pension age also have shorter life expectancies when
they reach the pension age.

43 A numerical exercise was used to explore the effects when the asymmetric longevity structure
is driven by p,.
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65-21 _

reaches the pension age at 65 would have an indexation parameter of: A = S0

0.75. As we treat A as exogenous, any rise in life expectancy would affect the pension
age through equation (31).

Whether longevity increases of the H group are driven by decreases in u! or increase
in b they will lead to higher life expectancy. This will in turn affect the pension age:
a—izﬂ(l—a)g<0 and a—i:l(l—a)g
Oy Ouy Oy dug

In the case of a longevity-indexed pension age we therefore observe that as the H

>0

group enjoys greater longevity, they will both affect the L group through the pension
scheme, as seen in section 4.1, and through a rise in the pension age, as seen in section
4.3. This is further explored in section 7.2.

We can summarize the findings so far as follows: A positive longevity shock to one
group has a negative financial effect on the other. Moreover, any longevity adjustment
of the pension age based on the average life expectancy of the whole population will
exacerbate the effect on the group that didn’t enjoy the increased longevity. Both of
these effects are then magnified by the relative sizes of the H and L groups. As the L
group gets smaller, the members are even worse off. Conversely, as the H group gets
smaller, its remaining members benefit.

5. Income inequality and pension transfers

So far, the re-distributional effects of pension schemes that operate based on average
life expectancy and old-age dependency ratios of a heterogeneous population have
been analyzed. For simplicity, we assumed that all agents, regardless of longevity, paid
the same contributions and received the same benefits from the pension scheme,
provided they were alive. By introducing contribution and benefits proportional to

wages, we can further deepen the analysis of intra-generational transfers due to pension
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systems. This allows us to demonstrate intra-generational transfers imposed by the
pension system that are driven by, and exacerbate, income inequality, hence adding to
the results of section 4.

5.1. Wage indexed pension contributions

We replace the contribution in the Beveridge case with proportional taxation as
introduced by Bismarck in late 19th century Germany. Each agent pays into the PAYG
scheme while young, according to y* and receives my® after reaching the pension age.
Here 0 < m < 1 is the replacement rate of the pension benefits and 0 < 7 < 1 is the
proportional wage tax used to finance the benefits to the pensioners. We assume that
the L group has the same wage replacement rate as the H group (rr and 7 are uniform
between groups). However, we allow for distinct income levels across groups. The
PAYG scheme is balanced each time (aggregate inflows equal aggregate outflows).

(Y N§' + Y Ny) = TP NE + yENE) (32)

On the left hand, we have the outflows from the PAYG scheme. This is composed
of members the H group, N/, receiving the pension of wy* and members of the L
group, N, receiving the pension of y". On the right-hand side, we have flows into
the PAYG scheme; both groups pay the same proportion of their wages to the scheme.
Total inflows from the H and L groups are 7y" N and Tyt NZ, respectively.

We arrive at a new equation for the relationship between pension benefits and
pension contributions:

= TyichZ YN (33)
YN + ytNy

In the case of perfect income equality, y# = y*, equation (30) reduces to the same

PAYG equality as in equation (6). In the case of income inequality, y# # y’, the utility

maximization follows near-identical steps as in section 3.4, yielding:
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; fORle“" mi(a)da fope_‘" mi(a)da

fOAle“” mi(a)da f:le“" mi(a)da
y _ (34)

yINF + yENE [ e~ mi(a)da

YING + YNy (4 o-ar mi(a)da

In addition to the effects observed in sections 4.1-4.4, we now see from equation
(33) and (34) that the income of one group has an effect on the pension contributions
paid out to the other, which ultimately affects consumption.
5.2.Wealth shock to high longevity group

To study this in further detail, let us look first at the PAYG scheme under defined
contributions (DC). In this case 7 is exogenous and w endogenous. The effect of
changes in the demographic or income distribution on the PAYG scheme is therefore
captured through changes in . When the income of the group that enjoys greater
longevity increases, we see that:

LenHNL _ nyLnH
O T < 5

Notice that if there was no difference in the mortality profiles of the two groups

(NENE — NENJ = 0) an increase in the income of one group would not affect the
pension benefits/contributions of the other. However, since we impose different
mortality profiles, any change in the income of one group imposes externalities on the
other through the PAYG scheme.

The old age dependency ratio is higher for the H group because they enjoy higher
longevity, implying that the sign of equation (35) is negative. We see that when the
income of the H group increases, the pension replacement rate = decreases, causing
the pension benefits paid to the L group to decrease — even though they did not enjoy

a rise in their income. The H group pays more into the PAYG scheme while young but
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also receives more benefits during the pension period. This would not have any effect
on the replacement rate if the dependency ratio was identical for both groups — the
increased benefits would be exactly financed by the increase in contributions. But
because the H group enjoys higher longevity than the L group, they collect benefits
disproportional to their contributions. When their income goes up they are entitled to
more benefits, Ty, during the pension period than can be financed by their current
levels of the contributions, Ty™. In order for the PAYG scheme to remain balanced,
the income replacement rate, 7, drops for both the H and L group, thereby causing
members of the L group to get lower pension benefits than before the H group’s income
rose. This effect adds to the effect tied to the demographic structure as described in
section 4.
5.3.Wealth shock to low longevity group

Now let’s look at the effects of an increase in the income of the L group. The
derivative is similar to the one we saw above:

H LnyH _ nyHpNL
A e el )

Just as above, we see that the sign of the derivative is driven by the relative sizes of

the pensioned and contributing cohorts of each group. However, in this case we see
that an increase in the wages of the L group actually increases 7.

When the L group’s income rises, they pay more into the PAYG scheme, just as in
the case where the H group’s income rose. But the L group pays proportionally more
than they receive out of the PAYG scheme. These new funds entering the PAYG
scheme allow for an increase in the benefits paid out to the pensioners, causing m to
increase. Therefore, the H group pays the same into the PAYG scheme, but receives
more as a result of an increase in the income of the L group. The H group is better off

when the L group’s income rises.
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In the defined benefits (DB) case the replacement rate, m, is treated as exogenous
and 7 as endogenous and is defined as:
R (37)
YN + ytNe
And the derivatives become:
LenHNL _ nyLnH

ai/_TH =2 (;’,f;g; yivli’,gg) >0 (38)

Jt y" (NyNE' = Nj'NE) (39)

oy7 = OANE +yINDE
We see similar effects here as in the DC case, as the income of the H group (L group)

goes up, the L group (H group) is worse off (better off) through negative (positive)
externalities of the PAYG system.

To summarize, both in the DC or the DB case, when the income of those that have
greater longevity goes up, those that have shorter life expectancy are made even worse
off. Conversely, when the income of those who have shorter life expectancy goes up
they end up paying more into the PAYG scheme, which benefits those that live longer.
6. Public-private pension partnership

We have found that pooling together groups that differ in life expectancy causes a
public pension system to redistribute income from the short lived to the long lived. In
some cases, such a system is inevitable as policymakers do not have perfect
information about the life expectancy of various socio-economic groups. In this
section, we propose a policy that would go far in mitigating the distributional effects
associated with the PAYG scheme presented in previous sections.

Now let the government collect pension contributions from the working-age
population as before but instead of financing the pension benefits with current

contributions, the government pays a lump sum to the cohort that reaches retirement at
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each time while not paying anything to those already retired. This new system is
balanced at each time, implying
R (yHm? (P) + ytm*(P)) = t(y* N + y"N{) (40)
where each lump sum recipient receives y‘n® at retirement. As before 7 is exogenous
and in this case, m® , which maps the wage into a lump sum, is endogenous in the
equation. This sum is transferred to a private pension scheme where the average
longevity of members is known.** The private pension scheme is balanced at each time,
covering benefits by lump-sum transfers of agents of the same type:
mthppy' N} = nRyimi(P), i=H,L (41)
When maximizing his utility the agent therefore faces the pension rule implied by
equations (40) and (41):
YINE +y"NE mi(P) (42)
yHmH(P) + y'mt(P) N

i
Tippp =T

Just as before, the agent maximizes his utility taking into account his mortality and
the mortality of the other agents paying into the pension scheme.

This public-private partnership eliminates all the intra-generational transfers caused
by the different life expectancies after retirement. However, as the members of the L
group are also less likely to reach retirement, the policy would not eliminate intra-
generational transfers associated with members of the L dying before reaching
retirement. The ability of public-private partnership in mitigating the effects of intra-

generational transfers is analyzed further in the following section.

4 The scheme is not affected by the so-called ,,annuitization puzzle* that makes people prefer a
cash treatment to an annuity because no cash transfers to individuals are involved. Instead, the system
involves pension funds paying out benefits instead of the government, only difference being that the
former can better assess life expectancy. See Benartzi et al. (2011) and Robinson and Comerford
(2019), amongst others, on the annuitization puzzle.

136



7. Calibration of the mortality profile

We now turn to comparing the level of pension benefits between two groups that
differ in terms of life expectancy and wages and then calculate the effect of increased
longevity on their benefits. As demonstrated above, individuals of higher socio-
economic statues live on average longer than those of lower and we exploit this
difference to estimate the effects of these different groups paying into the same pension
scheme.
7.1.Comparing pension benefits of socio-economic groups

The chief parameters are essentially two, u§ and pt, which determine the probability
of death at each time. We apply parameter values to x5 and pt, which can be done by
matching empirical survival functions. Two calibrations of the mortality profile are
needed when comparing the effects on each group since they differ in the value of u}
and p. The calibration minimizes the error in total survival probability for all ages
across the population while still maintaining each group’s observed life expectancy.

We assume agents of both groups enter the labour market at the age of 20 years. The
baseline calibration is based on the life expectancy in Denmark by income in 2016 as
presented in Table 1 in the introduction. There is approximately a 3.9 year gap in life
expectancy between those two groups. The H and L groups are calibrated to match the
top and bottom half of the income distribution for men. We refer to them as white-
collar and blue-collar groups, respectively.

Table 3. Calibrated parameters

White-collar Blue-collar
(H) (L)
Uy 0.075 0.075
Uo 299 222
Simulated life expectancy (years) 83.0 79.1
Observed life expectancy (years) 83.0 79.1
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Figure 3 depicts the calibrated survival functions of each class and the empirical
total survival function.

Figure 3. Survival functions

Probability of being alive

20 30 40 50 60 70 80 90 100
Age

——Group L: Baseline
——Group H: Baseline
Empirical Total Survival Probability

Note: Estimated White/Blue collar Survival Probability.
Source: Human Mortality Database, 2018

Now we can calculate to which extent paying into a joint pension scheme will have
a negative (positive) effect on the blue-collars (white-collars) compared to the case
where they each pay into their own pension scheme. We assume that the pension age
is 66.5 years and both classes earn the same level of wages. Now we can determine the
pension benefits received by each group when paying into the different pension
schemes, captured in equations (6), (33) and (42). We compare this to the benefits
received if the agent paid into a pension scheme where all the agents are of the same

type (mtype = TNEN ). This difference in benefits received when retired is captured

by:
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TL'i HNH+ LNL Ni
PAYG government scheme: =Y e TY L /% (43)

e YINE +y'NE/ N
Tl.'i HNH+ LNL mi P Ni
Public-private partnership: = yH PC yL = 5 (L.) —= (49
T[type y'm ( )+}’ m ( ) Nb Nb

We find that blue-collar workers suffer from a 10.4% drop in pension benefits from
paying into the same scheme as white-collar workers, while white-collar workers enjoy
an increase in the pension benefits by approximately the same amount (equation 43).
In line with our model findings, these effects are increasing in the pension age. In the
public-private pension scheme, described in section 6, this difference in pension
benefits received by the blue-collars (equation 44) would drop to 1.6%, implying that
even without perfect information governments can substantially mitigate the intra-
generational disparities by giving the money to pension funds that have more
information on life expectancy and where within-group differences are smaller.

According to Statistics Denmark’s Income Statistics, the top half of the Danish
population receives 69.3% of equalized disposable income in 2016 while the bottom
part received 30.7%. By allowing for effects of income, as traced in section 5, the
effects of being forced to pay into the same pension become asymmetric. In this case,
the blue-collar group suffers a 13.8% drop in their pension benefits while the white-
collar group’s benefits rise by 6.1% per month. This is in line with the findings of
section 5. When those that live longer become better off those that suffer low longevity
are made even worse off. Conversely, when those that suffer low longevity become
poorer those who enjoy high life expectancy do not gain as much from contributing to
the same PAYG scheme. In contrast, in the public-private pension scheme described
in section 6, the intra-generational effects diminish substantially. The blue-collar group
would now only suffer a 2.2% drop in pension benefits while the white-collar group’s

benefits would rise by 1.0%. We therefore find that the public-private scheme
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eliminates around 80-90% of the intra-generational transfers associated with the
communal pension scheme. The remaining intra-generational transfers are caused by
the fact that members of the L group are more likely to die before reaching retirement.
7.2.Longevity increase with pension age indexed to longevity

Now we increase the longevity of both classes proportionally. This allows us to
determine the effects of increased longevity on the benefits received by both classes
when the pension age is indexed to longevity. The life expectancy of white- and blue-
collar workers from equation (30) can be rewritten as:

A= ii<1n(#6)if6 +1- ué) (45)
H (no — 1)
In the baseline above, we assigned identical p, values for both groups, making the

fraction 1/t in equation (45) identical for the groups. Any difference in the lifespan
of the groups is then captured by differences in u,. We can then simulate a proportional
increase in life expectancy through a decrease in y; .

We consider two cases. In the first case, the pension age is increased so that
individuals spend the same proportion of their lifetime as before, on average,
contributing to the pension system. In the second case, which is what is practiced in
Denmark, the system is designed to keep the years spent as a pension recipient constant
and the pension age therefore increases on a one-to-one basis with life expectancy.

In the proportional indexation setting we arrive at this formula for the pension age:

A In(ub)pk+1—ub In(ud) pfl +1 — pf
P(A)=_<0 n(ﬂo)ﬁio Mg n(uo)pltf uo> (46)
th (g — 1) (o — 1)
while in the Danish system we find:
DK Ay _ L (- In(ub)ub+1-ug (e )ufvi-pdy
PPR(A) = - (0B 4+ (1 - 0) RS ) — 145 (47)
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Figure 4. Symmetric increases in life expectancy
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Now we can impose a symmetric longevity shock by increasing the life expectancy
of both groups and the pension age simultaneously. The baseline is the case presented
in Table 3 and Figure 3. Assume an increase in life expectancy of ten years for white-
collar and an increase in the life expectancy of the blue-collar group of 9.4 years.*® The
shift of the mortality curves and the pension age are presented in Figure 4 where the
dotted green vertical line corresponds to equation (46) and the dashed green one to the
Danish system in equation (47). The results of the calibration exercise are presented in
Table 4.

In the case where the retirement age increases proportionally to life expectancy
(equation (46)) we see that the loss experienced by blue-collar workers from paying
into the same pension fund as white-collar workers has not changed at all. This holds

true both if we allow for income disparities between the groups and when we do not.

4 Notice that even though the longevity increase for the white-collar groups is greater in years
compared to the blue-collar group, their life expectancy rose by the same percentage.
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Table 4. Symmetric longevity increase

White- Blue- White- Blue-
collar (H) | collar (L) | collar (H) | collar (L)
(baseline) | (baseline) (shock) (shock)

Uy 0.075 0.075 0.065 0.065
Uo 299 222 299 222
Life expectancy (years) 83.0 79.1 93.0 88.4
Pension age (A = 0,76) (years) 66.5 66.5 73.9 73.9
Pension age (DK style) (years) 66.5 66.5 76.2 76.2

The Danish pension age indexation rule does however affect the intra-generational
transfers. In the case where both groups pay the same dollar-amount into the pension
scheme the loss from paying into the same fund as white-collars increases by an
additional 1.0%, from 10.4% to 11.4%, compared to paying into their own pension
fund. By allowing for income disparities between the groups, the blue-collar’s loss
from the join pension scheme becomes 15.1% (compared to 13.8% in the baseline) and
the gain of the white-collar class becomes 6.6% (6.1% before). The Danish style
indexation rule therefore exasperates the intra-generational consequences of the
pension scheme.

To demonstrate the sensitivity of a longevity-indexed rule based on life expectancy
to the shape of the mortality function we perform the same experiment, but with a new
baseline in terms of u, and p,, for white-collar workers. Now both classes share
identical i, values and any differences between the classes are captured by ;. We can
then simulate longevity increases for both classes by changing the value of p,. The

results are presented in Table 5.
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Table 5. Asymmetric longevity increase

White- Blue- White- Blue-
collar (H) | collar (L) | collar (H) | collar (L)
(baseline) | (baseline) | (shock) (shock)

Uy 0.075 0.080 0.075 0.080
Uo 299 299 640 640
Life expectancy (years) 83.0 79.1 93.0 88.4
Pension age (A = 0,76) (years) | 66.5 66.5 73.9 73.9
Pension age (DK style) (years) 66.5 66.5 76.2 76.2

In this new baseline, we have the same life expectancies and pension ages as in the
previous baseline. As before, the longevity increases are ten years for white-collar
workers and 9.4 years for blue-collar workers. The pension age responses to the
longevity increase are identical to the experiment presented in Table 4. These two
experiments therefore appear identical, but the subtle difference in how the mortality
curve shifted have implications for the intra-generational transfers.

Now we see that in the case where the pension age increases proportionally to life
expectancy the loss experienced by blue-collar workers from paying the identical
dollar-amount into the same pension fund as white-collar workers has increased by an
additional 0.4% (compared to no change in the symmetric longevity shock). This
demonstrates that the shape of the mortality curve over the lifecycle matters, not just
life expectancy. When the pension age follows the Danish rule the loss from paying
into the same fund as white-collar workers increases by 2.4% instead of 1% before.

We conclude that even though the life expectancy increases are enjoyed across
society, the longevity indexation of the pension age will increase the intra-generational
disparities. Furthermore, the type of longevity indexation of the pension age has a

substantial effect on the magnitude of the intra-generational transfers due to longevity
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developments. The Danish system of maintaining a constant length of time receiving
benefits penalizes the short-lived group more.
8. Concluding remarks

We have found that groups who have lower life expectancy suffer a drop in lifetime
income when forced to share a pension scheme with others who have longer life
expectancies. In effect, the lower life-expectancy group pays as much into the PAYG
scheme, provided they reach the pension age, but receives less during the pension
period due to lower life expectancy.

When the pension age is increased to reflect the increased longevity of the higher
life-expectancy group the lower life-expectancy group suffers because even fewer of
them will reach the pension age. Also, when contributions are made proportional to
wage income, as is typically the case for PAYG schemes, it follows that an increase in
the income of the group that enjoys greater longevity will reduce the pension benefits
and lifetime utility of the group with less longevity.

These findings may have important implications for pension policy in economies
where PAYG is the dominant scheme. Indeed, the spread between life expectancies
between, say, academics and blue-collar workers could reach such high levels that it
would hardly be controversial to allow for differentiated pension ages. In practice,
schemes designed to link the pension age to changes in longevity and which operate
on average figures should be extended to allow for variability in physical and mental
disabilities across different groups in society.

Our proposed solution to the problem of intra-generational inequities is to give each
retiree a lump sum at a certain age that may coincide with formal retirement from the
labour force, which the worker gives to her occupational pension fund. The pension
fund then decides on the monthly benefits for its members depending on their average

life expectancy. Alternatively, if there is too much heterogeneity in life expectancy
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within the pension fund or occupation, the retiree could go to an annuity company that
would assess his expected longevity.

In effect, the government is giving the money used to fund retirement to an entity
that has more information about life expectancy and discontinuing the pooling of a
heterogeneous group of workers. In practice, the government would issue a bond and
give it to a pension fund, amount depending on the number of members reaching a
certain age, providing the pension fund with a fixed income that it can then use to
finance the retirement benefit of members.

There is also the possibility that the disutility of work may differ between groups,
so that the group with lower life expectancy also has a greater disutility of work, and
that this disutility may increase with age.*® The shorter life expectancy and the rising
disutility of work may both stem from the depreciation in health and human capital that
workers experience due to more difficult tasks and working conditions. In this case,
the short-lived group is adversely affected by a common pension age, due both to the
redistribution of pension income shown in this paper to those who, on average, live
longer and because their lifetime utility is adversely affected by raising the pension age
due to the higher disutility of work. This latter effect remains a topic of future research.

To sum up, introducing a longevity-indexed pension age is critical for keeping fiscal
policy on a sustainable track in economies that are subject to population ageing. That
is why it is important to maintain a broad support of such schemes, both in the
population and across a broad political majority. If the legitimacy and credibility of
introducing such key welfare reforms critically depends on easier access to earlier

pension age for citizens with lower life expectancy and diminished (physical and

46 See Bockerman, Petri and Pekka llmakunnas (2019).
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mental) ability to work, then such adjustments to the reforms might well be worth

advocating.
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1. Introduction

National economies are affected by many variables, one of which — demographics —
is garnering increasing attention. Increased longevity is a well-established trend in
advanced economies, and when coupled with an observed decrease in fertility, it
significantly increases the old-age-dependency ratio, with serious implications for the
sustainability of fiscal policy, pension schemes, healthcare, labour supply and
intergenerational transfers. These demographic changes have triggered responses, one
of which is to increase the pension age.

In Denmark, for example, the pension age has been linked explicitly to life
expectancy. In short, the Danish system aims to keep the retirement period at a fixed
average duration of 14.5 years (OECD 2019). This implies that longevity increases
will be followed on a one-to-one basis by increases in the pension age. People can
therefore expect all future increases in life expectancy to be spent in the labour market.
A similar system has emerged in Sweden and Finland, where the aim is to keep the
ratio of working life to retired life constant. In essence, 2/3 of a person’s adult life
should be spent working and 1/3 in retirement. Pension reforms such as these focus on
length of retirement and are based on a one-size-fits-all solution. Furthermore, they
assume that healthy aging is experienced equally by all. The fact is, however, that
across society, some groups do not enjoy the longevity and healthy aging that others
do.

The gap in life expectancy among socioeconomic groups has been widely
documented. In fact, Chetty et al. (2016) found that the life expectancy gap between
the lowest and highest income quartiles in the United State stood around 6 years in
2014. Furthermore, they found that this gap is widening, as the life expectancy of the
top 5% of the income distribution rose by 2.6 years between 2001 and 2014 while the

life expectancy of the bottom 5% rose by only 0.2 years in the same period. Similarly,
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Waldon (2007) finds that mortality is a gradient across the socioeconomic scale rather
than low longevity only being associated with extreme poverty. The intragenerational
effects of retirement reform in populations with a non-uniform longevity structure are
analysed in recent papers such as Auerbach et al. (2017).

As is the case with longevity, healthy aging is not shared uniformly across the
population. The heterogeneous nature of healthy aging is analysed by van Ooijen and
Knoef (2015), who find a strong socioeconomic factor and conclude that low-income
individuals tend to have poorer health. Moreover, these authors find that males begin
suffering from declining health at an earlier age than females do, and that people with
less education begin suffering from poorer health earlier than their more educated
counterparts. The link between socioeconomic status and healthy aging is also
addressed by Case and Deaton (2005), who conclude that the link is not eliminated by
controlling for occupation. This implies that the strenuousness of some traditionally
low-wage occupations does not fully explain differences in healthy aging.*”

There is a substantial literature on the connection between health and retirement. In
a meta-analysis, Currie and Madrian (1999) find that poor health reduces work capacity
and affects wages, labour force participation, and job choice. Recently, Laun et al.
(2019) developed a model matching health and mortality risk to Norwegian data to
analyse the effects of different social security reforms, taking into account differences
in health and longevity and illustrating the connection between old-age retirement and
claims for disability benefits. French (2005) finds a link between health and hours

worked near retirement but also states that the most striking deterioration in health

47 The socioeconomic gradient of health and longevity is also captured in Pijoan-Mas and Rios-
Rull (2014) and in Braveman et al. (2010)
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takes place after retirement, implying that health at retirement alone cannot fully
explain retirement decisions.*®

A novel perspective on how health interacts with life-cycle choices is provided by
Finkelstein et al. (2013), who estimate the extent to which the marginal utility of
consumption is affected by health. Using data on health, income, and utility proxies
across a range of specifications, they find that the marginal utility of consumption
drops as health deteriorates. They find that the magnitude of the health effect on the
marginal utility of consumption lies within the bound of a 10-25% drop for each
standard deviation increase in the number of diseases from which the individual
suffers. This implies that the marginal utility of consumption is one of the channels
through which health affects individuals’ consumption-saving decisions. By extension,
expectations of future health could affect the timing of individuals’ retirement.

There is a growing literature that links utility derived from consumption to health.
Scholz and Seshadri (2013) find that health and consumption are complements. This
link is further strengthened by the application of a survey-based method by Brown,
Goda, and McGarry (2016), who find that individuals in poor health value consumption
less than those in good health do. Hammitt, Haninger, and Treich (2009) apply health-
dependent utility to analyse the interaction between health and longevity, on the one
hand, and financial risk tolerance, on the other, and find that healthy agents are more
risk-tolerant. Kools and Knoef (2017) build on the Finkelstein et al. (2013) approach
to establish a positive health state dependence of utility from consumption.

48 Using Danish data, Datta Gupta and Larsen (2007) show that health shocks dramatically increase
the probability of retirement among elderly workers. Gustman and Steinmeier (2018) provide a
detailed account of the ways in which different measures of health affect retirement. Kemptner (2019)
analyses the impact on saving and early retirement of health-related risks that affect job opportunities
and wages.
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The observation that healthy aging is not shared uniformly across society, coupled
with the effects of health on agents’ life-cycle consumption, saving, and retirement
decisions, raises questions about the appropriateness of retirement reforms based on
the average. This paper contributes to the established literature by providing a link
between post-retirement quality of life and the timing of retirement, effectively
showing that not only does length of retirement matter, but quality of life during
retirement matters as well.

In the model presented below, agents make decisions about consumption, saving,
and retirement timing, based on expectations about their future health. Even though the
model does not explicitly feature a pension scheme, it provides valuable insight into
important factors in the context of pension reform. The paper looks at optimal
behaviour of agents in life-cycle planning. For example, how agents’ planned
retirement age responds to demographic change in the form of longevity and healthy
aging. The model shows how health during working life and post-retirement health
expectations play distinct roles in the choice to retire. The analysis therefore provides
guidance for policymakers considering reforms related to retirement. This paper should
be viewed as the first of many about the impact of health on retirement decisions. A
logical next step could be to introduce a pension scheme.

The paper is structured as follows. Section 2 briefly outlines stylised facts about
healthy aging, retirement, and longevity increases in advanced economies. Section 3
provides a generalised model to demonstrate the basic insights from an analytical
standpoint. Section 4 applies realistic mortality and health assumptions to the model.
Section 5 analyses the effects of stochastic health shocks on agents’ saving behaviour.
Section 6 concludes with a summary of the results and a discussion of possible

improvements and future research.
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2. Stylized facts

In this section, empirical observations about longevity trends, healthy aging, and
retirement are briefly outlined and supplemented by theoretical perspectives.
2.1. Longevity

One of the most prominent demographic trends of the past century has been the
increase in life expectancy (Wilmoth 2000), which has roughly doubled since the
beginning of the 20" century. It is generally assumed that this trend will continue.
According to Eurostat data, life expectancy at birth in Europe is assumed to increase
by around one year per decade in the 21st century. In the Nordic countries, life
expectancy at birth is projected to reach 91 years by 2100, an increase of about 9 years
over the 2018 value. Even though longevity projections tend to assume that life
expectancy will increase (see, for example, Kontis et al., 2017), a slowdown has been
observed. Notably, longevity in the US has declined in recent years (Raleigh 2019).
Figure 1 depicts developments in longevity in Western Europe between 1990 and 2015.
2.2. Healthy aging

While life expectancy can be assessed in a purely quantitative manner, the same does
not hold true for healthy aging, which is a more subjective concept. A report published
by the World Health Organization (2015) analyses the prevalence of healthy aging
across countries. One of the findings is that even though longevity increases have been
widely documented, the quality of life during those extra years is quite unclear. This is
due not to lack of research but to contradictory study findings. Figure 1 depicts the
composition of life expectancy: although both total life expectancy and the expected
number healthy years (healthy life expectancy) have increased, we see that the share

of “disability” years has increased as well.
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Figure 1: Composition of life expectancy in Western
Europe 1990-2016
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Source: Our World in Data

One of the methods used to assess healthy aging is the Sullivan health expectancy
method described in Sullivan (1971) and Imai and Soneji (2007), which estimates the
number of disability-free years an individual of a particular age can expect to live. It
applies a cross-sectional survey of health indicators on life-table data to provide the
health of a population, adjusted for mortality levels. This method is used in the Eurostat
“healthy life years” indicator. Eurostat reports that in the European Union, a person’s

expected healthy life years at birth averaged around 64 years in 2016, while total life

expectancy was 81 years.

The OECD publishes health data and indicators, including perceived health status
by age and how self-reported health status changes over the life cycle, as is shown in
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Figure 2. Figure 3 captures the relationship between income and health status,
illustrating the existence of a gradient across the health spectrum where wealthier
individuals tend to remain healthier for a longer period of time.

Figure 2: Health by age: Share of total Figure 3: Share of population in
population, European Union, 2017 “good” or “very good” health by age
and income quintiles: European
Union, 2017
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Several studies demonstrate the prevalence of healthy aging. Using data on self-
reported health, Lowsky et al. (2017) analysed the extent to which individuals enjoy
healthy aging. They find that 89% of persons aged 51-54 and 56% of those aged 85+
have no health-based limitations on work or household activities. However, they find
that the quality of life experienced within each age group differs substantially. Laun et
al. (2019) use data from the Norwegian labour force survey to map the share in good
health by age. For the 51-54 age group, their findings are roughly in line with those of
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Lowsky et al. (2017); however, for the 85+ age group, the share in good health ranges
from 15-40%, depending on the person’s educational level.

French (2005), analysing transitions from good health to poor health over the life
cycle, observes a concave curve similar to those presented in Figures 2 and 3 above.
He finds that the probability of being in good health is approximately 94% at age 30
and then decreases steadily, to 80% at around age 55 and 40% by age 80. While
measures of health can vary between studies, we consistently observe this downward,
concave trend of roughly the same magnitude. There are several hazards in estimating
the connection between self-reported health and retirement choice. One example is that
individuals tend to cite their health as a justification for their retirement choice, so that
retired agents are more likely to report poor health than those who are still working
(see, for example, Disney (2006)).

The available data demonstrate the prevalence of healthy aging in advanced
economies. In Section 4, these data are used to construct realistic life-cycle profiles of
both mortality and health.

2.3. Retirement

Historically, labour force participation among older American men has been steadily
dropping since 1880 (Costa 1998). It was not until after the establishment of the Social
Security Administration in 1935, however, that the transition to retirement began to
grow more prevalent at a specific age. According to Costa the main reasons for the rise
in the tendency to retire at a given age are adverse health among the elderly and
increased demand for leisure among those who are well off. This perspective
harmonises well with the focus of this paper.

Figure 4 depicts developments in the effective retirement age in recent decades: the
effective retirement age trended downwards from 1970 until around 2000 and then

began to rise again, although it has not yet returned to the levels observed in 1970. This
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entire period featured steady increases in life expectancy, which caused large increases
in the population outside the work force. This period was also characterised by rising
incomes, which put downward pressure on retirement age and ultimately overtook the
longevity effect (Bloom, Canning and Moore 2014). We therefore see that factors other

than physical limitations prompt people to retire.

Figure 4: Effective retirement age, OECD average
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There are several theories about the determinants of retirement timing, apart from
the connection between longevity and retirement. First of all, on the production side,
older workers could become less productive, which could incentivise them to leave the
labour force. Second, with the rise of social security and public pension schemes,
workers are more likely to retire at an age associated with eligibility for benefits (Duval

2004). Finally, from a microeconomic perspective treating leisure as a normal good,

160



leisure in the form of retirement increases as wages rise and individuals can finance
post-retirement consumption.

Bundell et al. (2017) find that health explains between 3% and 15% of the decline
in employment near retirement. Similarly, French (2005) estimates that 10% of the
drop in labour force participation observed between the ages of 55 and 70 can be
explained by health. Riphahn (1999) reports that health shocks reduce the probability
of being employed by 6% and triple the probability of dropping out of the labour force
completely. Jones et al. (2010) estimate the effects of health shocks on the probability
of labour market exits and find that, for men, the hazard of becoming non-employed
increases by 50-320% following a health shock. For women, the same non-
employment hazard is 68-74%.

To summarise, retirement is caused by many different interlinked factors. While the
model presented in the next sections does not feature social security, diminishing
productivity, or other factors, the importance of such factors is acknowledged. The
inclusion of such factors in the model presented below is left to future work.

3. Model overview

In this section, a model is introduced in which agents make retirement decisions
subject to a mortality profile and age-dependent health. A general case is first presented
to demonstrate key insights of the model without assuming the exact functional form
of either the mortality function or the health function.

The model featured here departs from the classic continuous-time OLG model of
Blanchard (1985) by allowing for age-dependent probability of death. The model is
based roughly on Kalemli-Ozcan and Weil (2010) but departs from their setting by
introducing a health function that augments the utility curve and links disutility of work
to health. The utility curve is modelled as a special case of Finkelstein et al. (2013),

who evaluate how the marginal utility of consumption is dependent on agents’ health.
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3.1. The general case

Consider a model of an agent who receives utility from consumption, c(a), and
disutility of work, w. Furthermore, the agent’s labour supply is constrained to be either
“working” or “retired” and, once retired, the agent cannot transition back into the
workforce. Agents are subject to an instantaneous death probability. The mortality
function, m(a), represents the chance of being alive at age a. The maximum age is T,
which is determined by the mortality function. The agent maximises his utility subject
to the consumption path and the planned retirement age, R.
In(c(a)) h(a) — wg(a) for0<a<R

ln(c(a)) h(a) forR<a<T (1)

In Finkelstein et al. (2013), the utility curve was estimated using CRRA utility, of

u(c(a)) = {

which the log-utility is a special case. In the setting presented here, the health status of
the agent interacts with the utility curve in a manner similar to that described in
Finkelstein et al. (2013). The health function 0 < h(a) < 1 augments the agent’s
utility from consumption, where higher values of h(a) indicate better health and more
utility derived from consumption. Unlike Grossman (1999), the agent cannot change
their health level by investment, and health is viewed purely as a fact of life. Typically,
the agent’s deteriorating health level implies that h(a) shifts the agent’s utility curve
downwards with age; therefore, the h(a) function is assumed to be downward-sloping.
Note that the health level affects the agent’s marginal utility of consumption.

du(c(@) _ h(a)
ac(@)  c(a)

The modelling of disutility of work is based on a formulation presented in Kalemli-

@)

Ozcan and Weil (2010), except that instead of utility from retirement, the focus here is
on disutility of work, which is possibly dependent on the age of the agent through the

function g(a). In Section 4, the disutility of work is defined more explicitly and is tied
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directly to the health status of the agent. In order to demonstrate key insights of the
model as regards health-dependency of utility from consumption, the disutility of work
is kept independent from the agent’s health status in this section. An explicit functional

form of h(a) is introduced in Sections 4 and 5. The agent’s expected lifetime utility is:

T R
EWU) = j ln(c(a)) m(a)h(a)e P%da — J wg(a)ym(a)e Pda (©)
0 0

where p is the subjective rate of time preference. We assume constant wages, w. When
faced with the risk of death, the agent is less inclined to save for the future. To account
for this, the existence of actuarial notes issued by an insurance company in the style of
Yaari (1965) is assumed. The insurance company is assumed to operate in perfect
competition, which implies that the notes are issued at a fair rate. The agent purchases
notes from the insurance company, which invests at the rate of return . The purchaser
of the actuarial note receives a constant stream of payments until death, at which time
any outstanding balance on the note is redistributed to the pool of other owners of the
same note that are currently living. This setting rules out any accidental bequest. Due
to the mortality risk, the notes have a higher rate of return than regular investment does,
causing the agent to invest his entire savings in actuarial notes. In effect, the notes
include a component of life insurance and perfectly mitigate the effect of uncertainty
of death. The notes therefore completely absorb the impact the mortality risk on the
agent’s consumption path, as can be seen from the Euler equation (Equation 7) below.

The model assumes that both health status and expectation of future health represent
private information. The agents know their health prospects, but the insurance
company does not. Therefore, the insurance company cannot provide health insurance,
which leaves agents completely exposed to the implications of developments in their
health. In effect, the risk-absorbing nature of the actuarial notes with respect to
mortality risk does not apply to health risk.
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The model is based on a small open economy setting where the interest rate r is
assumed to be exogenously set equal to the world interest rate. The zero-profit
condition from the perfect competition in the annuities market implies that the rate of
return on the actuarial note, r4(a), is dependent on the mortality function:

om(a)

rd(a) =r— % 4)

Furthermore, we see that the discounting factor can be expressed as:

am(z)
e_foarA(z)dZ _ e—ra+ 5 n?(zz) dz _ e_m*'foa%nzl(a))dz
— e—ra+f0adln(m(a)) — e—ra+ln(m(a))—ln(m(0)) (5)
=e "m(a)
The budget constraint becomes:
T R
f e "m(a)c(a)da = f e "m(a)wda (6)
0 0

The utility maximisation’s first-order condition (FOC) implies the Euler equation:

N b 7
where ¢(a) = %C(a) and h(a) = %h(a).

The Euler equation implies that the agent’s consumption plan follows developments
in his health over the life cycle. The agent’s consumption plan allocates consumption
more heavily to periods of the agent’s life when he expects to enjoy good health. This
makes sense from a utility maximisation point of view: the agent’s marginal utility is
greater when he enjoys good health, so he assigns more consumption to those periods.

As is discussed in Section 2, health usually deteriorates more rapidly in old age (see

Figures 2 and 3). Generally, this implies that while the agent is young and enjoys
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relatively good and stable health, the consumption path grows with age. Due to
accumulated savings, the agent becomes wealthier as he ages, and he can therefore
afford a higher level of consumption. As the agent grows older, deteriorating health
exerts downward pressure on consumption growth. This health effect could in fact
dominate and cause consumption to decline in old age, producing a concave
consumption path over the life cycle consistent with empirical findings (see, for
example, Gourinchas and Parker (2002)). A stylised life-cycle consumption path is
depicted in Figure 5.

Figure 5: Consumption path over the life cycle with

deteriorating health.
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Developments in health, h(a), and their impact on consumption,
c(a), over the life cycle. As agents grow older, their health
deteriorates, which puts downward pressure on the consumption
growth. Perfect health is normalised to 1. Wages are normalised
to 1.
In this setting, there is neither insurance nor any risk mitigation linked to the health

function; therefore, the agent’s consumption path is explicitly linked to health. In the
presence of health mitigation analogous to the mortality risk mitigation provided by
the actuarial notes, the Euler equation would not be affected by the health of the agent.
The agent’s optimal consumption path follows:

c(a) = eT=P2c(0)h(a) (8)
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Here, c(0) represents the agent’s consumption when he enters the labour market at
age a = 0. By applying Equation (8) to the budget constraint, Equation (6), we arrive
at the consumption level when the agent enters the labour market:

R _
w [ e *m(a)da

foTe‘Pam(a)h(a)da

c(0) = )

From Equations (8) and (9), we see that the entire structure of the consumption plan
is affected by the way in which the agent’s health develops over his expected lifespan.
More specifically, consumption at birth, captured by Equation (9), is based on future
income, health, and mortality. The numerator captures the present value of future
expected labour income. The denominator of Equation (9) captures the length of the
agent’s expected lifetime, where each future age is weighted by the probability of
reaching that age and, due to the importance of health in utility from consumption, the
health status if the specific age is indeed reached.

Equations (8) and (9) capture the optimal consumption plan of the agent given a
specific retirement age. Now we can determine the optimal retirement age by applying
the consumption plan captured in Equations (8) and (9) to the expected lifetime utility
function, Equation (3), and maximising with respect to the planned retirement age R.

The FOC yields an implicit equation for optimal retirement:
e "R fOTe'Pam(a)h(a)da

wg(R)e PR =
fOR e "*m(a)da

(10)

The left-hand side of Equation (10) captures the marginal disutility of work suffered
from an increase in the retirement age, while the right-hand side captures the marginal
utility of the consumption gained by an increase in the retirement age. The optimal
retirement age, R*, is the age at which Equation (10) holds. To illustrate this, if the

agent were to retire earlier than R*, the left-hand side of Equation (10) would be lower
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than the right-hand side, implying that the increased utility from the extra consumption
gains from working longer would exceed the disutility suffered from working longer.
The opposite holds true when R is higher than R*.

Furthermore, Equation (10) implies that any change in either longevity or health will
cause a change in the planned retirement age. Now we can find the effects of health on
the optimal planned retirement age. Let us assume that the health function takes the
form h(a) = nH(a). It would therefore consist of a downward-sloping function that
captures life-cycle developments of health, H(a), and a shifting parameter that
captures changes the health profile, n. By differentiating on both sides with respect to

n, applying the Leibniz rule, and rearranging terms, we arrive at:
R J, eP*m(a)H (a) da
M weT-PRg(R) [(r -p) fOR e "% m(a)da + e"Rm(R)]

>0 (1)

We see that r > p is a sufficient condition for us to conclude that increased health
leads agents to postpone planned retirement. Even under the condition that agents’
disutility of work and life expectancy are both health-independent, we find that as
agents’ anticipated period of good health grows longer, they plan on working longer.
This result is driven by the agent’s expectation of being able to enjoy consumption at
a higher intensity later in life. In turn, this future consumption has to be financed
somehow, leading agents to increase saving and postpone planned retirement.

4. Deterministic health profile

In the previous section, we saw that healthy aging leads to later retirement, without
explicitly stating the functional form of the mortality and health functions. In this and
the following section, we assume an explicit version of both functions. We begin by
considering the case where the agent’s health deteriorates constantly and predictably.

In Section 5 we introduce stochastic health shocks.
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4.1. Age-dependent mortality

We start by considering the survival function, which is based on the realistic
mortality function introduced by Boucekkine et al. (2002). The probability of being
alive at age a is given by the mortality function, m(a):

— et1a
m(a) = Moyo——l 12)

Here we have a maximum age, T = In(u,) /u,. The parameters uo > 1and u; > 0
determine the shape of the mortality function. A decrease (increase) in u, (¢1) has an
age-dependent positive effect on the probability of being alive. By manipulating these
parameters, we can change both the slope and the reach of the mortality function, which
allows us to choose parameter values that simulate empirical data. The chance of being
alive is concave and decreases with age.

om(a) 9%m(a)
7a <0 and FPP

<0

The mortality function directly feeds into the actuarial notes, as is demonstrated in
Equations (4) and (5) above. As the agent ages, his mortality increases, which implies
that the return on the actuarial notes also increases.

e~ Jo i @az _ e~ m(a) = e~ (ﬂo - €”1a> (13)
to—1

The return on the actuarial notes therefore depends both on age, a, and on the shape
of the mortality function (u, and y,). For a calibration of the mortality function, see
Figure 8.

4.2. Health profile

In order to keep the effects of health and longevity separate, we assume that the

mortality profile is independent of the health profile. This implies that agents of the

same age have the same likelihood of dying, regardless of their health status. In reality,
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agents who have fallen sick are more likely to die; however, we ignored this so as to
show analytically the effects of health on agents’ retirement decisions. When longevity
is endogenously determined by the health function, any increases in healthy aging
would translate into a rise in the life expectancy, which affects the retirement age. In
this case, it would be hard to determine whether the health increase had any effect on
the retirement age except via longevity.

The health function is simulated by applying the Boucekkine et al. (2002) function,
but with different parameter values. This accords with how health tends to develop
over the life cycle, as is described in Section 2.2 above. In general, the health function

is concave and decreases with age. The health function is explicitly stated as:
h@) =L (14)
Yo—1

In this setting, health deteriorates continuously over the life cycle in a deterministic
way. The agent has full knowledge of how his health will develop over his lifetime,
provided that he survives, and he can plan accordingly. The health function has
properties similar to those of the mortality function in Section 4.1. The parameters
¥o > 1and y; > 0 determine the shape of the health function. A decrease (increase)
in ¥, (vy1) has an age-dependent positive effect on health. Through differentiation, we
can determine how shifts in the health function affect different age groups:
9 (6h(a)> Y€

a\ay, ) " o-12 0 (15)

and

d (Oh(a)\  (ay; + Den?
%( 01 )__ (o — D? <0 (16)

The terms in the large parentheses on the left-hand side of Equations (15) and (16)

capture how the health function shifts by changing the parameters, y, and y; . Equations
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(15) and (16) therefore state that any shifts in the health function have the greatest
proportional effect on the elderly.
Figure 6: Health-dependence of utility function, baseline
calibration.
Utility
age 20

age 55
age 90

Consumption

As the agent ages, he derives less utility from consumption. In the baseline
calibration, we see that the difference between the utility curves of a 20-
year-old and a 55-year-old, on the one hand, is less than the difference
between the utility curves of a 55-year-old and a 90-year-old, on the other.
This implies that that the utility curve shifts downwards more rapidly with
age.

The marginal utility of consumption is dependent on the health function.
_ h(a)
‘@

As the agent grows older, he loses his health and the marginal utility of consumption

MU,

(17)

decreases. The utility curve shifts constantly with age, as is captured in Figure 6. The
age-dependency of the utility curves presented in Figure 6 is found by matching
Eurostat data on self-reported health by age (see Section 2.2) to the magnitude of the
health shift in the utility curve from Finkelstein et al. (2013). Furthermore, by applying
g(R) = 1/h(a) to Equation (3), disutility of work becomes indexed to health.

170



4.3. Demographic change and retirement
Now we can analytically provide a link between demographics and retirement
decisions. By plugging the health function into Equation (10), we arrive at the implicit

equation for optimal retirement:

R
e(T_p)Rf e " m(a)daw
0

— pY1R T _ L,Y1a
=(V_> f ePam(a) (u) i
Yo—1 0 Yo—1

Neither the health function nor the mortality function is affected by the retirement

(18)

age. The effects of agents’ enjoyment of better health can be found by a drop in y,. A
drop in y; shifts the entire health function so that agents at all ages enjoy a higher level
of health. By differentiating the implicit equation for optimal retirement with respect

to y,, we arrive at:

T ae1—Pa (UQORe(rﬂll_p)R R —ra
or _ o =t m@da+ G Tz o e m@da
oy w[c: f erem(@da + e Rm(R(R)| (19)
<0

(plee(T+Y1—P)R
(Yo—Dh(R)?

We see that retirement age increases when the agent’s health increases. These results

where C; = (r — p)e ™ PRp(R)™! +

hold irrespective of whether or not disutility of work is a function of health. This
accords with the results in the general case presented in Section 3. When health
increases, the agent derives more utility from consumption throughout his life cycle.
The greatest difference in utility from consumption is during retirement years, as is
captured by Equations (15), (16), and (17).

The value function for the retirement age can be found by applying the optimal

consumption path to the utility maximisation. The function captures the agent’s value
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from retiring at various ages. This implies that the agent chooses to retire when the

V(R) function is at its maximum.

V(R) =1In (me(a)e‘T“da> me(a)h(a)e‘p“da - fRMda (20)
0 0 0 h(a)

The value function, V(R), captures all terms with which the retirement age interacts
in the utility function. On the right-hand side, the first term captures utility from
consumption, whereas the last integral captures disutility from work. Figure 7 plots
the value function for the retirement age. While the agent is young, the effects of
continuing to work on total marginal utility are positive, as is captured by the upward
slope of the V(R) function. This implies that given the mortality and health functions,
the utility gained by the agent from the consumption he can finance by working longer
exceeds the utility he loses by experiencing the disutility of working.

Figure 7: Value function of retirement age, baseline calibration
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The maximum of the value function determines the agent’s retirement age.

In the baseline calibration, the agent chooses to retire at age 63.4, which is
the effective retirement age in Denmark in 2016.

As the agent ages, he accumulates wealth and his expected remaining lifespan

decreases; therefore, the slope of the V(R) function decreases until the function reaches
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its maximum, at which time the agent retires. Retiring later would cause lower lifetime
utility, as is captured by the negative slope in the V(R) function after retirement. The
agent therefore retires when his marginal utility of increased consumption (financed
by wages earned from working) equals the marginal disutility of work.

The baseline calibration of the health curve is matched to Eurostat data on self-
reported health by age (see Figure 2). The health curve is then calibrated so that its
value at each age matches the likelihood of being in good health. The magnitude of a
health shift (from good to poor health) is associated with a 20% drop in utility from
consumption, which is consistent with the findings in Finkelstein et al. (2013). The
calibration of the health curve therefore takes account of both developments in health
over the agent’s lifetime and the magnitude of the effect health on utility. The
parameters of the health curve for the baseline calibration are y, = 41 and y; = 0.025.

Figure 8: Calibration of the mortality function
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Empirical and calibrated mortality function. The parameter values for the

calibrated function are found by minimising the errors between the two

curves while keeping implied life expectancy at its empirical value.
Source of empirical survival function: mortality.org
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The parameter associated with disutility of work, w = 1.09, is chosen to match the
effective retirement age in Denmark in 2016. The baseline calibration for the survival
function depicted in Figure 8 is found by matching life expectancy to total life
expectancy at birth in Denmark in 2016 (81 years). The curvature of the survival
function is found by minimising the error between the empirical and calibrated survival
functions at each age (1, =131 and p, = 0.064). In a recent calibration of a
Blanchard-Yaari style model in Benhabib, Bisin, and Zhu (2014), the time preference,
p, and the interest rate, r, were set to 1.5% and 1.8%, respectively, the same values are
applied here.

Figures 9 and 10 trace the effects of a demographic shift on the optimal retirement
age. As is discussed above, the agent chooses to retire at an age corresponding to the
maximum of the V(R) function. In both graphs, the green line (left axis) corresponds
to the baseline calibration presented in Figure 7, while the red line (right axis) captures
how the V(R) curve shifts with demographic change. Figure 9 depicts a case where life
expectancy increases by 10 years and the health curve shifts proportionally outwards.
This causes the optimal retirement age to shift by 5.4 years, implying a new optimal
retirement age of 68.9 years.

In Figure 10, however, life expectancy increases by the same amount, yet the health
profile remains unchanged. This implies that agents expect to live longer, but their
health deteriorates at the same pace as in the baseline. In this rather unusual case, the
optimal retirement age increases by only 3.8 years, implying a new planned retirement
age of 67.2 years. These results suggest that health plays a significant role in explaining
how retirement age responds to demographic change. This demonstrates the
importance of health in an agent’s retirement decisions and the extent to which future
longevity increases are associated with healthy aging. A robustness check of these

results can be found in Appendix A.
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Figure 9: Longevity and health increase
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The green curve is the value function of retirement for the baseline scenario (left
axis). The red curve is the value function after a longevity and health increase
(right axis). The retirement age is determined in each case by the maximum of
the value function. The demographic shift implies that following a 10-year
increase in life expectancy coupled with an appropriate shift in healthy aging,
the agent chooses to retire 5.4 years later.

Figure 10: Longevity increase
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The green curve is the value function of retirement for the baseline scenario (left
axis). The red curve is the value function after a longevity increase (right axis).
The retirement age is determined in each case by the maximum of the value
function. If the health curve does not shift, the agent’s retirement age increases
by only 3.8 years following a 10-year increase in life expectancy.
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4.4, Retirement choices of heterogeneous agents

The demographic shift experiment in the previous section can be interpreted in the
context of heterogeneous agents. As is discussed in Section 2, neither longevity nor
healthy aging is shared uniformly across society. Instead, we observe a gradient across
the socioeconomic scale. For example, higher-income individuals have both better
health (Figure 3) and greater life expectancy than lower-income individuals do.

In this context, Figure 9 could depict two groups of agents: one group enjoys greater
longevity and better health, and the other suffers lesser longevity and poorer health.
Evidently, these two groups choose to retire at different times. Furthermore, we see
that even in isolation, health plays a crucial role, as can be seen in the vastly different
response to the demographic shift in the two cases illustrated in Figures 9 and 10.

When facing a proportional increase in both health and longevity, those on the lower
end of the socioeconomic scale would therefore respond by raising their retirement age
to a lesser extent than those who enjoy high longevity and better health, effectively
widening the gap in the optimal retirement ages of the respective groups.

To further demonstrate the difference between socioeconomic groups, let us
formulate the disutility of work function as: g(a) = 1/h(a)®. Here the parameter ¢
captures the relationship between the disutility of work and the agent’s health. At ¢ =
0, the disutility of work is completely independent of health, and as ¢ increases, the
disutility of work becomes increasingly sensitive to health. This formulation implies
that the agents have identical disutility of work when they enter the labour market in
perfect health. As the two groups age, however, agents with higher values of ¢ begin
suffering from relatively more disutility of work.

Lower values of ¢ could represent white-collar workers, whose work is largely
independent of their physical health. Higher values of ¢ could then represent blue-

collar workers, who depend more on their physical health in their labour. We assume
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here that the agents’ health and mortality profiles are identical and that the only
difference between the blue- and white-collar groups is the disutility of work function.
Any effects of differences in the disutility of work would therefore add to the

differences discussed thus far. In this case, the lifetime utility function would become:

EWU) = len(c(a)) m(a)h(a)e P%da
° 21
. (21)
—f wh(a)"?m(a)e "%*da
0

Now we are equipped to examine the effect that health-dependency on work has on
an agent’s retirement decision. Figure 11 depicts the change in the planned retirement
age when life expectancy rises by 10 years for different values of ¢.

Figure 11: Retirement and health-dependency of
disutility from work
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On the vertical axis, we have the increase in retirement age
when the agent enjoys a 10-year increase in life expectancy
(the same shift as is captured in Figure 10). On the
horizontal axis, we have different sensitivity of the agent’s
disutility of work to his health status (see Equation (21)).
At ¢ =0, the agent’s disutility of work is health-
independent. As the agent’s disutility of work becomes
more dependent on health, his retirement age responds less
to demographic change.
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Figure 11 captures the same demographic change as Figure 10 does, but it allows
for different sensitivities of disutility of work to health. Note that as the disutility of
work becomes more sensitive to the agent’s health, the response of the retirement age
to the demographic shift grows weaker. This makes intuitive sense: the additional years
spent in the labour market provide both agents with equal utility from consumption,
but the blue-collar worker experiences greater disutility from work, which causes his
optimal retirement age to drop.

To summarise, in the framework presented above, there are three things that can be
applied to differentiate agents so as to simulate observed trends across the
socioeconomic scale. First, the optimal retirement age is lower for those who suffer
from shorter life expectancy. Second, those who enjoy healthy aging to a greater degree
are more willing to retire later. Third, varying degrees of linkage between health status
and disutility of work could cause blue-collar workers in more physically demanding
occupations to retire earlier and respond less to demographic change.

These three examples demonstrate that a pension rule based solely on average life
expectancy may disregard conditioning factors that can influence agents’ retirement
decisions. This does not necessarily suggest, however, that the pension system should
be tailored to each group or “class” specifically. Within each class there are individuals
who will eventually enjoy varying degrees of healthy aging and longevity. The
distribution of demographic factors therefore significantly overlaps between the
groups, raising concerns about false classification of individuals into each group. The
seriousness of this concern could be investigated further via analysis of the welfare
effects of pension schemes based on an average life expectancy benchmark.

4.5. Longevity elasticity of the optimal retirement age
In the previous section, we saw that two groups of agents who enjoy the same life

expectancy but different levels of healthy aging have different optimal retirement ages.

178



Moreover, when we applied realistic mortality and health structures, the optimal
retirement age increased less than longevity did. This should not come as a surprise: if
we treat consumption and retirement leisure as normal goods, the longer lifespan
should naturally lead to an increase in both consumption and leisure during retirement.

We add to this by applying two new formulations of the mortality function to
identify the circumstances under which the optimal retirement age rises on a one-to-
one basis with life expectancy, which is the pension rule currently applied in Denmark:
on the one hand, with the Blanchard (1985) style perpetual youth assumption, and on
the other hand, with a deterministic time of death. While these two demographic
structures are unrealistic in isolation, they shed light on two cases on either side of the
extreme. This, coupled with the realistic mortality profile presented in Section 4.1,
creates a cohesive view of how the optimal retirement age responds to longevity
increases.

This is analysed by applying new mortality functions to the model in the general
case presented in Section 3. For the perpetual youth model, the mortality profile takes
the form m(a) = e™#%, while in the deterministic case there is no risk of death,
implying that m(a) = 1, until the agent reaches the terminal age and dies. For these
experiments, the agent is assumed to be in perfect health for the entirety of his life. In
both cases, the response is found to fall short of the one-to-one increase in retirement
age and longevity. For the perpetual youth model, the retirement age increases
significantly less than life expectancy does. For the deterministic case, the retirement
age increases on a one-to-one basis with life expectancy only if the agent works
throughout his life; i.e., chooses never to retire. For further detail, see Appendix B.

These results suggest that in general, the optimal retirement age does not follow life
expectancy on a one-to-one basis: when life expectancy increases, the agent chooses

both to allocate time to leisure during retirement and to consume more throughout his
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life. Note that if we allow health to deteriorate as is described in Section 4.2, the
longevity response of the optimal retirement age is weakened even more. This raises
concerns about the appropriateness of the Danish system where the pension age follows
life expectancy on a one-to-one basis.

The results imply that in the Danish system, any increases in longevity would
inadvertently cause an ever-increasing gap between the optimal retirement age and the
pension age presented by the system. This, in turn, raises questions about individuals’
response to the pension scheme: because the pension scheme provides an incentive to
work longer, agents might choose to work less at any given point in time, effectively
increasing the span of their work life while decreasing its intensity. The divergence of
the pension age and the optimal retirement age could also complicate pay-as-you-go
pension schemes, where the benefits to the retired are financed by the currently
working. As the pension age increases, in a system with defined pension benefits, the
contributions needed for each member of the work force decrease. This, in turn, could
also affect both the extensive and intensive margins of labour supply. Furthermore,
basing the pension system on average life expectancy could have the effect of hiding
significant variability among agents of different socioeconomic status.

5. Stochastic health shocks

In this section, the assumption that health behaves in a deterministic manner is
relaxed. By introducing shocks to the agent’s health, we gain valuable insights into the
saving behaviour of an agent facing uncertainty about his future health. Now the agent
is in full health until he is struck by a stochastic exogenous health shock that shifts his
utility curve downwards. The agent does not now know when this shock will strike,
but he does know the probability of its striking. The analysis in this section is based on

saving behaviour after retirement.
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5.1.Recursive utility maximisation

The agent is assumed to be either in good health or in poor health. As before, the
utility function is affected by the agent’s health status. The health function, h(a), takes
the value 1 when the agent is healthy and the value 0 < H < 1 when the agent has
suffered an adverse health shock. The agent cannot suffer more than one health shock
and cannot transfer back into the healthy population once the shock has struck. The
utility function therefore has two possible states:

_{ In(c) for healthy
u(e) = {ln(C) H  for unhealthy

As is discussed in Section 3, the marginal utility of consumption is lower when the

(22)

agent has lost his health than it is when he is in full health. Here the classic Blanchard
(1985) assumption of age-independent mortality risk is applied, where u captures the
instantaneous probability of death. The health risk is also assumed to be age-
independent, with the parameter A capturing the instantaneous risk of health loss. For
a healthy agent, the probability of losing one’s health during time interval t is:
(1—e™) 23)

where T is assumed to be a relatively short period. For a healthy agent who has already
retired, the maximisation problem can be formalised in a Bellman equation form:

V(A) =tin(c) + e TP W[e ™V (A) + (1 — e™™)Vy(4)] (24)
where V' (A) is the agent’s value function of having assets A while healthy and V(4)
is the value function for an unhealthy agent. The first term in Equation (24) reflects the
utility derived from consumption during the time interval . A’ represents assets during
the next interval of length . As before, p is the time preference. In order to solve the
maximisation problem, we need first to determine how the agent would react if he were
to suffer the health shock at the end of the interval.
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The Bellman equation for an unhealthy agent is captured by:
Vy(A) = tIn(c)H + e TPV, (4" (25)
As before, the existence of actuarial notes issued at a fair rate is assumed, and the
small open economy setting is adopted. This implies that the rate of return on savings
is 74 = r + u. The retired agent’s budget constraint is therefore:
Ae™ ™) = A —¢ (26)
The budget constraint does not depend on the agent’s health status, and it applies to
both healthy and unhealthy agents. Now the optimal consumption-saving decisions of
an agent who suffers from poor health can be determined. By substituting the budget
constraint from Equation (26) into the value function in Equation (24), we arrive at:
Vy(A) = tIn(A — A'e TR H + 7700V, (A") (27)
Here the agent chooses how much to consume and how much to save of his
accumulated assets, A, at any given time. By using a guess-and-verify process, we
conclude that the value function takes the form V,(A) = ay + byIn(A). The agent
seeks to maximise his lifetime utility by choosing how much of his assets he leaves for
future consumption, A’. The Bellman equation can be re-written as:
Vy(A) = tIn(A — A'e ") H + e FP+W[a, + byln(A4")] (28)
The first term on the right-hand side captures the utility derived from consumption
during the current t-long interval, while the second term captures the value of future
assets. By finding the future asset level that maximises the value function in Equation
(28), we can determine the values of ay and by. These values can then be applied to
arrive at the following relationship between current and future assets so as to maximise
the expected remaining lifetime utility of the agent who has suffered the health shock:

AX ) (29)
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Note that for the agent who has suffered the health shock, the severity of the health
shock, H, does not affect the growth path of assets. The assumption here is that even
though H affects the agent’s utility, it also affects the future utility of the agent in
exactly the same way. Therefore, the utility-maximising growth path of assets is the
same, irrespective of the value the health shock takes; however, this does not imply
that the value function V;; (A4) is independent of the severity of the health shock.

The healthy agent faces a risk of transitioning to the unhealthy state, and he knows
which utility-maximising strategy he will adopt if he does so, as is captured by
Equations (28) and (29). Applying the procedure used in the case of the agent who has
already suffered the health shock, we see that the value function of the healthy agent
becomes:

V(A) =tln(A — A'e™*0*W)
+ e T P*W{e~"[q + bIn(A")] (30)
+ (1 — e ™)[ay + byln(A)]1}

The future asset level, A’, that maximises the agent’s utility can now be found. Note
that the agent now takes into account both the probability of suffering the health shock
and the value function for the case in which the agent has lost his health. By solving

we arrive at the following process:

-1

! —t(r-p)
A_ (7 (31)
A G,
1+e‘““m% H(1—e™™) .
where G, = ——— 5o + = illustrates where the health-related

parameters enter the agent’s utility-maximising consumption-saving decision.*®

49 If the risk of a health shock is set to zero, Equation (31) reduces to the case where the agent has
already suffered the health shock, Equation (29). This implies that when the risk of the health shock
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In this case, unlike that of the unhealthy agent in Equation (29), growth in assets
depends on both the probability and the severity of the health shock. Let us consider
the case where the health shock itself is so severe that the agent derives no utility from
consumption if the shock strikes. This actually implies that losing one’s health is
equivalent to death, in which case H would be set to zero. In this instance, the motion

equation for the healthy agent’s asset accumulation would become:

A= ertoD (32)

Equation (32) can be interpreted to represent a world where mortality risk is split
into two factors — insurable and uninsurable mortality risk — captured by u and A,
respectively. Insurable mortality risk is mitigated perfectly by the actuarial notes (see
Section 3) and does not affect the utility-maximising path of asset accumulation.
Uninsurable mortality risk does affect the agent’s consumption-saving decision,
however. As uninsurable mortality risk increases, the agent is not compensated for
being less likely to enjoy his savings through future consumption. This incentivises the
agent to consume more while he is still alive, effectively reducing the speed of asset
accumulation, as is captured in Equation (32).

In the case where H > 0, improvements in healthy aging can be implied by lowering
health risk or decreasing the severity of the health shock. Differentiation of C, from
Equation (31) with respect to the size of the health shock, H, yields:

ac, 1—e™ e TP (1 —e7™)

OH - 1 — e~Tu+p) ol (1 — e~ TW+P)(1 — e~ t@+u+p)) >0 (33)

is removed, the only remaining uncertainty the agent faces is mortality risk, which is mitigated
perfectly by the actuarial notes. In this case, we arrive at the standard Blanchard-Yaari asset
accumulation path.
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which implies that asset growth, A’/A, increases as the severity of the health shock
decreases (H is higher). The underlying assumption is that as the health shock becomes
less severe, the agent’s prospects of enjoying future consumption increase. This
incentivises the agent to save for future consumption. The effects of improvements in

healthy aging can also be captured by reducing the probability of the adverse health

shock, A.
o (4 <0 34
a\a 34)

Note that the derivative in Equation (31) yields a large expression that is omitted
here. The sign of the derivative is analysed in Appendix C. The sign is negative for the
entire span of reasonable values for all of the parameters. The reduced probability of
the health shock therefore causes stronger asset growth, implying that the agent
chooses to consume less and save more. As the probability of the health shock
decreases, the agent’s prospects of being able to enjoy future consumption improve.
This, in turn, incentivises the agent to save more, as he has a greater chance of being
able to enjoy his future consumption.

Even though mortality risk is perfectly mitigated by the actuarial notes, it plays an
important role in determining the magnitude of the effect of healthy aging on the

agent’s consumption-saving decision. Differentiation of Equation (33) yields:

9 13C,

The derived expression proves to be large and is omitted above. However, the sign
of the expression can be easily seen in Equation (33): when u increases, the
denominators of both fractions increase, causing the entire expression to decrease. This
implies that as the agent expects to live longer (u decreases), the effects of his health

expectations on asset accumulation are magnified. This makes intuitive sense: when
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mortality risk is lower, the agent anticipates living longer, regardless of health status.
This, in turn, implies that possible years of poor health weigh more heavily in his
expected lifetime utility, magnifying the impact of the health shock on his
consumption-saving decision.

To summarise, as the agent’s expectations of being able to enjoy future consumption
improve, he chooses to decrease current consumption and increase his saving, causing
his assets to accumulate at a more rapid pace. A natural extension of the analysis
presented in this section would be to analyse how a stochastic health shock affects the
agent’s retirement plans. Such a study could yield interesting results because of the
interaction between retirement age and saving behaviour.

6. Concluding remarks

The model presented here demonstrates that healthy aging plays an important role
in agents’ life-cycle planning. For most individuals, a significant part of the
deterioration in their health takes place after retirement. This paper makes an important
connection between post-retirement health and retirement timing, showing that not
only does length of retirement matter, but post-retirement quality of life matters as
well. Furthermore, the analysis shows that when subject to stochastic health shocks,
individuals’ propensity to save decreases.

In the model, health has two distinct effects on the agent, through disutility of work
and through utility from consumption. Developments in health were modelled in two
ways: first, as a constant deterministic process; and second, through stochastic health
shocks. Empirically, individuals do not have perfect knowledge of how their health
will develop over their life cycle, but actual developments will probably approximate
a mixture of the two cases examined here. Lessons from these two perspectives
considered together could therefore demonstrate, at least to a degree, how health affects

retirement and saving decisions.
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The analysis finds consistently that the longer agents expect to remain in good
health, the longer they postpone retirement. This holds true irrespective of whether or
not health affects disutility of work. It, too, makes intuitive sense: there is less of an
incentive to work to acquire savings for a retirement one cannot enjoy. When faced
with increases in healthy aging, agents will therefore respond by remaining in the
labour market longer, regardless of whether or not these increases are associated with
longevity increases.

In the deterministic case, the health function produced a hump-shaped consumption
plan over the life cycle. When the agent is younger, his health is relatively stable and
his consumption increases due to his accumulation of wealth. As the agent grows older,
his health deteriorates at an increased pace, which puts downward pressure on the
consumption plan, producing a concave consumption profile. This result is
complemented by the stochastic analysis, which found that when agents are less likely
to lose their health, or when they expect the health shock to be less severe, their
propensity to save increases.

The model was also used to analyse the differences among different socioeconomic
groups and how they respond to demographic change. An individual’s optimal
retirement age is determined to a significant degree by health, longevity, and disutility
of work, all of which tend to incentivise typical blue-collar workers to retire earlier
than their white-collar counterparts. This does not necessarily imply that a double
system should be implemented, however, since empirically there is significant overlap
in the distribution of the mortality of the two groups. The longevity elasticity of the
retirement age was also analysed, and the findings indicated that in three settings
spanning various formulations of the mortality profile, the optimal retirement age will

increase on less than a one-to-one basis with longevity increases. These findings
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indicate that special care should be taken when designing retirement reforms for an
inherently heterogeneous population.

Further extensions would add a layer of sophistication to the analysis. Allowing for
a planned retirement age in the stochastic setting would provide further insight about
optimal life-cycle planning when subject to demographic change. Introducing a
pension scheme would facilitate an analysis of the effects of various pension reforms
on the planned retirement age, saving behaviour and, ultimately, welfare. This paper
should be viewed as the first of many on the effects of healthy aging on retirement and

retirement reform. Extensions are left to future work.
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Appendix A

Here the robustness of the numerical results of Section 4.3 is checked. The shock
presented in Section 4.3 was a demographic shock. Naturally, the demographic
parameters drive the shock, but its magnitude could be influenced by other model
values. The variables featured in the model that are assumed not to be influenced by
demographic factors are the interest rate, r, and the time preference, p. To ensure the
tractability of the model, a relationship between these two variables has been assumed,
r > p. The baseline values of all parameters are the same as those presented in Section
4.3.

The longevity increase is the same as is presented in Section 4.3. On the one hand,
we have an increase in life expectancy of 10 years coupled with an equal increase in
the health profile, simulating healthy aging. This is captured by the orange line in
Figures A1-A3. On the other hand, we have an increase in life expectancy of 10 years
with an unchanged health profile, implying that agents can expect to live longer but
will spend those extra years in relatively poor health. This case is depicted by the blue
line in Figures A1-A3. On the vertical axis of Figures A1-A3, we have the change in
the retirement age when the agent is subject to the two longevity shocks described
above. On the horizontal axis, we have different parameter values for the time
preference, p, and the interest rate, r. This allows us to see how the magnitude of the
demographic shift affects the agent’s optimal retirement decision.

We can start by examining how the reaction to the longevity shock depends on the
time preference. In Figure Al, the value of the time preference, p, goes from 0.001 to
0.018, but the interest rate is kept unchanged at 0.018. As the time preference increases
and approaches the interest rate, the impact of the demographic change on the optimal

retirement age increases. In Figure A2, the interest rate is allowed to change while the
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time preference is kept constant. A similar pattern emerges. As the interest rate moves
closer to the time preference, the impact of the demographic change increases.

From Equations (7) and (8), we know that as p and r move closer to the same value,
the health profile plays an increasingly significant role in explaining the agent’s
consumption profile. This difference between p and r increases consumption growth
over the agent’s lifetime, while deteriorating health decreases consumption growth.
This explains in part the widening gap between the orange and blue curves in Figures
Al and A2.

In Figure A3, both p and r move together across the horizontal axis, keeping their
difference fixed at 0.003. Note that the difference between the two demographic shifts
remains approximately proportional. However, the retirement age becomes less
sensitive to demographic shifts as the time preference and interest rate increase. This
illustrates how the impact of the health profile depends on the time preference and the
interest rate. When the difference is smaller, health has a more significant role in

shaping the agent’s optimal retirement plan.
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Figure Al: Change in planned
retirement age when life expectancy

increases, sensitivity to time preference
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The orange line depicts the change in
retirement age when the agent enjoys higher
life expectancy and better health. The blue line
depicts the change in retirement age when the
agent enjoys higher longevity but an
unchanged health profile. The parameter value
for p in the baseline calibration was 0.015.

Figure A2: Change in planned
retirement age when life expectancy

increases, sensitivity to interest rate
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The orange line depicts the change in
retirement age when the agent enjoys higher
life expectancy and better health. The blue line
depicts the change in retirement age when the
agent enjoys higher longevity but an
unchanged health profile. The parameter value
for r in the baseline calibration was 0.018.
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Figure A3: Change in planned retirement age
when life expectancy increases, sensitivity to
interest rate and time preference
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The orange line depicts the change in retirement age when
the agent enjoys higher life expectancy and better health.
The blue line depicts the change in retirement age when the
agent enjoys higher longevity but an unchanged health
profile. Here the difference between time preference and
interest rate is kept constant at: p = r — 0.003.
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Appendix B
Here the responsiveness of the retirement age to increases in longevity is addressed.

As is observed in Equation (11), a deterioration of health puts downward pressure
on the optimal retirement age. In this Appendix, we are interested in analysing the
conditions necessary for the optimal retirement age to respond to longevity increases
on a one-to-one basis. Therefore, we assume that the agent’s health is constant and set
to 1. In the context of the model presented in Section 3, this implies that the mortality
and health profiles take the form of:

m(a) = e #* and h(a)=1 (AL)

The agent’s life expectancy becomes A = 1/u. Furthermore, the knife’s edge
condition r = p is applied, implying perfect consumption smoothing. Finally, the
disutility of work, w, is normalised to 1. By plugging this into the implicit function for
the optimal retirement age, Equation (10), and differentiating, we arrive at:

dR R 1 dA
T nrr @ ow (A2

On the left side of the inequality in Expression (A2) is the change in the optimal
retirement age when the instantaneous death probability, u, decreases. On the right
hand side, we have the increase in life expectancy following the decrease in u.
Expression (A2) implies that as longevity increases, the response in the optimal
retirement age will be less than the increase in life expectancy. The inequality in
Expression (A2) holds as long as the agent’s optimal planned retirement age is less
than A(1 + rA), which is substantially greater than the agent’s life expectancy.

Let us now turn to the case where mortality is deterministic and the agent knows his
exact time of death. This implies that m(a) = 1 for all ages until the agent reaches the

terminal age, T, at which point m(T) = 0. In this case, we relax the knife-edge
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condition and revert to the r > p condition. By plugging this into the model presented
in Section 3, we arrive at:

dR —p(T-R) Kl
OR__rext® . _ 2, ”)
oT p+ (r—p)ekr aT

The condition in Expression (A3) implies that when the agent’s life expectancy
increases, his optimal retirement age will increase by less than the increase in life
expectancy. The condition that must hold in order for the optimal retirement age to
respond on a one-to-one basis to the life expectancy increase is the boundary condition
that the agent will never retire, setting R = T.

Note that the analysis is based on simplifying assumptions that could influence the
results. The agent is forced to work full-time or not at all. The agent’s wage profile is
also assumed to be constant. The time preference is also assumed to be lower than the
interest rate. Finally, the model does not feature a social security scheme that could

significantly alter the agent’s retirement decision, as is discussed in Section 2.3.
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Appendix C
Here the sign of Equation (34), which captures the effects of an increase in the
probability of the adverse health shock on the agent’s asset accumulation process, is

determined numerically. For convenience, Equation (31) is restated here:

-1

’ —t(r-p)
A4 <e n e—T(r+u)> (A4)
A C;
1+e“(r‘!’)11(1+(;}2) H(1-e"™)
where  C, = —— 5 —ww captures where the health-related

parameters enter the agent’s utility-maximizing consumption-saving decision. The

sign of the derivative of A; with respect to h is difficult to prove analytically. A more

fruitful way to determine the effect of increased probability of the adverse health shock
is to apply parameter values to the derivative and check the sign for all permissible
values for all parameters.

In order to check the sign for the span of each parameter, a baseline calibration is
necessary. The baseline calibration’s value for the instantaneous death probability is
u = 0.016, which implies a life expectancy of 82.5 years. The probability of the health
shock is half the probability of death and is set to 4 = 0.008. The size of the health
shock is set to H = 0.8, and the interest rate is set to » = 0.018. Finally, the time
preference is setto p = 0.015

In Figure A4 below, we see that for the entire span for all the parameters, an increase
in the probability of the health shock (higher values of 1) will result in a slower asset
growth rate. This implies that the agent saves less and consumes more of his stock of

assets when the probability of the health shock increases.
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Figure A4: Effect of increased probability of health shock on asset accumulation
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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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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 Mcllqguham-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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26.
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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 goren
i den kunstneriske arbejdspraksis

Benedikte Dorte Rosenbrink
Revenue Management

@konomiske, konkurrencemaessige &
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 fellesskab — 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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2006

Ole Hinz

Den effektive forandringsleder: pilot,
paedagog eller politiker?

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

Kjell-Age Gotvassli

Et praksisbasert perspektiv pa dynami-
ske

leeringsnettverk i toppidretten

Norsk ph.d., €j 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 Leering — et casestudie
i hvordan proaktiv proceshandtering
kan forbedre praksis i virtuelle laerings-
miljoer

Anika Liversage

Finding a Path

Labour Market Life Stories of
Immigrant Professionals

Kasper Elmquist Jgrgensen
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

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
Volatile 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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2007

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

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 militsere 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 feengsel, en del af den
samme drem?

Et phronetisk baseret casestudie af
frigerelsens og kontrollens sam-
eksistens i veerdibaseret 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 Feldhutter
Empirical Studies of Bond and Credit
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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28.

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 besaettelse 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 Medlcines Initiative

Christian Geisler Asmussen
Global Strategy 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 Sarensen
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

Marius Brostrem Kousgaard

Tid til kvalitetsmaling?

— Studier af indrulleringsprocesser i
forbindelse med introduktionen af
kliniske kvalitetsdatabaser i speciallae-
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
indforelse af EPJ p& 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
undersagelse 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 fabriksqulv

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

Jakob Elming
Syntactic reordering in statistical ma-
chine translation

Lars Bramsge 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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2009

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
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Christine Sestoft
Forbrugeradfeerd 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

20.

21.

22.

23.

Jens Albaek

Forestillinger om kvalitet og tveerfaglig-
hed pa sygehuse

— skabelse af forestillinger i lege- 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 praepositionen a som argu-
menter

En valensgrammatisk undersogelse

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 Oladottir

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:

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 synliggerelse 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-taenkning hos Martin Heidegger

Christian Fich

Two Nations Divided by Common
Values

French National Habitus and the
Rejection of American Power



16.

17.

18.

19.

20.

21.

22.

23.

24.

Peter Beyer

Processer, sammenhaengskraft

og fleksibilitet

Et empirisk casestudie af omstillings-
forleb i fire viksomheder

Adam Buchhorn

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

Cecilie K. Moesby-Jensen

Social leering og felles praksis

Et mixed method studlie, der belyser
leeringskonsekvenser af et lederkursus
for et praksisfaellesskab af offentlige
mellemledere

Heidi Boye

Fodevarer og sundhed i sen-
modernismen

— En indsigt i hyggefaenomenet og
de relaterede fodevarepraksisser

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 Terning
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 Velfaerdsstaten.

En diskussion af trafikkampagners sty-
ringspotentiale

Julie Uldam

Fickle Commitment. Fostering political
engagement in 'the flighty world of
online activism’
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2011

Annegrete Juul Nielsen
Traveling technologies and
transformations in health care

Athur Mihlen-Schulte

Organising Development

Power and Organisational Reform in
the United Nations Development
Programme

Louise Rygaard Jonas

Branding pa butiksqulvet

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
Swedish Pharmaceutical Industry

Christian Plesner Rossing
International Transtfer 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

Ole Helby Petersen

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

Morten Krogh Petersen
‘Good’ Outcomes. Handling Multipli-
city in Government Communication

Kristian Tangsgaard Hvelplund
Allocation of cognitive resources in
translation - an eye-tracking and key-
logging study

Moshe Yonatany
The Internationalization Process of
Digital Service Providers

Anne Vestergaard

Distance and Suffering

Humanitarian Discourse in the age of
Medliatization

Thorsten Mikkelsen
Personligsheds indflydelse pa forret-
ningsrelationer

Jane Thostrup Jagd

Hvorfor fortseetter fusionsbelgen ud-
over “the tipping point”?

— en empirisk analyse af information
og kognitioner om fusioner

Gregory Gimpel

Value-driven Adoption and Consump-
tion of Technology: Understanding
Technology Decision Making

Thomas Stengade Sgnderskov

Den nye mulighed

Social innovation i en forretningsmaes-
sig kontekst

Jeppe Christoffersen
Donor supported strategic alliances in
developing countries

Vibeke Vad Baunsgaard
Dominant Ideological Modes of
Rationality: Cross functional
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29.

integration in the process of product
innovation

Throstur Olaf Sigurjonsson
Governance Failure and Icelands’s
Financial Collapse

Allan Sall Tang Andersen
Essays on the modeling of risks in
interest-rate and inflation markets

Heidi Tscherning
Mobile Devices in Social Contexts

Birgitte Gorm Hansen

Adapting in the Knowledge Economy
Lateral Strategies for Scientists and
Those Who Study Them

Kristina Vaarst Andersen

Optimal Levels of Embeddedness
The Contingent Value of Networked
Collaboration

Justine Grenbaek Pors

Noisy Management

A History of Danish School Governing
from 1970-2010

Stefan Linder

Micro-foundations of Strategic
Entrepreneurship

Essays on Autonomous Strategic Action

Xin Li

Toward an Integrative Framework of
National Competitiveness

An application to China

Rune Thorbjgrn Clausen

Veerdifuld arkitektur

Et eksplorativt studie af bygningers
rolle i virksomheders vaerdiskabelse

Monica Viken
Markedsundersakelser som bevis i
varemerke- og markedsfaringsrett

Christian Wymann

Tattooing

The Economic and Artistic Constitution
of a Social Phenomenon
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2012

Sanne Frandsen

Productive Incoherence

A Case Study of Branding and
Identity Struggles in a Low-Prestige
Organization

Mads Stenbo Nielsen
Essays on Correlation Modelling

Ivan Hauser

Folelse og sprog

Etablering af en ekspressiv kategori,
eksemplificeret pa russisk

Sebastian Schwenen
Security of Supply in Electricity Markets

Peter Holm Andreasen

The Dynamics of Procurement
Management

- A Complexity Approach

Martin Haulrich
Data-Driven Bitext Dependency
Parsing and Alignment

Line Kirkegaard

Konsulenten i den anden nat
En undersogelse af det intense
arbejdsliv

Tonny Stenheim
Decision usefulness of goodwiill
under IFRS

Morten Lind Larsen
Produktivitet, vaekst og velfaerd
Industriradet og efterkrigstidens
Danmark 1945 - 1958

Petter Berg
Cartel Damages and Cost Asymmetries

Lynn Kahle
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