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Abstract

Standard labor market models assume that individuals work between ages 15-64 and then
retire. Forecasted improvements in demographic variables such as life expectancy and
health level of the population question the validity of those assumptions. Here we develop
a model in which individuals decide optimally their retirement age according to changes in
demographic and economic variables. Under this framework, individuals should naturally
delay their retirement in the following decades. This implies a very different approach to
policy, since the implied support ratios may not be as worrisome as the ones coming from
the standard models. However, a word of caution is necessary, as the design of the pension
system may give enough incentives for people to retire before what could be optimal on
an equitable pension system.

111



Acknowledgements

The authors would like to thank Alexia Prskawetz, Arda Aktag, Michael Kuhn, Elke
Loichinger and the seminar participants at the the IIASA World Population Program and
the Vienna Institute of Demography for their valuable comments and suggestions.

This research was developed as a part of the ITASA YSSP 2015.

This research was supported by a grant from the European Research Council (ERC-2012-
AdG 323947-Re-Ageing).

The usual disclaimer applies.

iv



About the Authors

Miguel Poblete Cazenave is a Ph.D. candidate in Economics at Stony Brook University.

Warren C. Sanderson is Professor of Economics and Professor of History at Stony Brook
University in New York. He is also an Institute Scholar with the World Population Pro-
gram at the Wittgenstein Centre for Demography and Global Human Capital (ITASA,
VID/OAW, WU), International Institute for Applied Systems Analysis.



A Dismal Future?
Towards a New Model of Labor Market Dynamics Based on Evolv-
ing Demographic Variables

Miguel Poblete Cazenave
Warren C. Sanderson

1 Introduction

In the last decades there has been a significant amount of discussion regarding the future of
labor markets, in particular, when considering the fact that the life expectancy of individ-
uals is continuously increasing over time. This is specially crucial for pensions systems, as
most of the current schemes depend either directly or indirectly on the amount of time that
individuals remain in the labor market. Now, standard labor market projections usually
assume, for the sake of simplicity, that individuals work when they are between a certain
age interval (the most common is between ages 15 and 65) and after that they retire.
This, of course, would imply a significant stress on pensions systems, as increases in life
expectancy would directly affect the number of years that people stay retired. However,
it is not hard to see that this assumption is essentially flawed, as, specially in developed
countries, individuals rarely start working at age 15 and, increasingly so, they don’t retire
at age 65.

Appropriately, retirement age has been a hot topic in economic studies for the last
decades. Several studies analyze this decision in a life-cycle approach (e.g. Feldstein 1974;
Hu 1979; Mitchell & Fields 1984; Gustman & Steinmeier 1986). Particularly interesting are
the studies which include the increases in life expectancy (Chang 1991; Heijdra & Romp
2009; Kalemli-Ozcan & Weil 2010; Haan & Prowse 2014). However, there is also another
relevant, associated factor which is the health of the individuals. Indeed, a pure increase
in life expectancy would not necessarily mean an increase in the retirement age as indi-
viduals should also have an appropriate health to be able to keep on working. In this line,
we have French (2005); Galama et al. (2013); Bloom et al. (2007, 2014); Kuhn et al. (2015).

Another related literature is on the impacts of increasing longevity on the pensions
systems (imrohoroglu et al. 1995; Bergstrom & Hartman 2005; Cooley & Soares 1996;
De Nardi et al. 1999; Attanasio et al. 2007; Kitao 2014). Most of these papers paint a
gloomy picture of a future in which social security systems will not be sustainable, either
economically nor politically. As a matter of fact, when looking at the picture where retire-
ment (and pension) ages are not moving over time, it is easy to foresee such consequences.

For our study, we take a novel approach. Instead of focusing on the change of economic
variables over time (such as consumption, income, etc.) we analyze how the retirement
age would evolve, first based solely on demographic changes that can be obtained from life
tables, and second, on a life-cycle approach including demographic changes. To do that,
we develop a theoretical model of endogenous retirement with exogenous health status and



life expectancy to find conditions on retirement age based on some relevant parameters.
Then, for the first model, we simplify the model by assuming the economic variables as
constant, and for the second model, we allow individuals to optimize consumption and
savings. Finally, we use as an input the projected life tables from the World Population
Prospects (WPP) (United Nations, 2015) to find estimated paths for retirement ages for
all the countries in the sample.

In Section 2 we show the theoretical model which is the foundation of the study.
In Section 3 we calibrate the model from Section 2 to find retirement ages based only on
changes in life tables. In Section 4 we relax the model to allow individuals to optimally
choose consumption and savings. Section 5 shows the results of the model on different pen-
sion schemes. Finally, we conclude by analyzing some policy implications of the presented
models.

2 Theoretical Model

In line with Kuhn et al. (2015), we follow a life cycle approach, were the individuals take
decisions based on their income, health status and life expectancy. However, here we as-
sume that the health of the individuals, H, in our model, is exogenous (and obtained from
life tables, as we will show in Section 3).

The lifetime of individuals can be divided in two broad periods: a period when in-
dividuals work and a period where they are retired. The length of these periods is en-

dogenous: individuals decide when to optimally retire in order to maximize lifetime utility.

Formally, we have:

arp—1 A
max Y B"Set(Casha,Ha) + Y BSatt (Cas 0,Ha) (*)
Ca,ha75a+1,(lR a=ag a=ap
s.t.:
Ca+ Sat1 = (1 = T)wahg + (1 +17)s,4 as <a<ag
Ca+ Sat1 =p(a) + (1 +7)s, ap<a< A

Sag = 0,54 =0

where a is chronological age; ag is the age when individuals enter the labor market; ar
is the age when they retire; S, is the probability of surviving up to age a; cq, hq and
H, are consumption, working hours and health at age a, respectively; s, is the stock of
savings (which are set to be zero at the first and last periods); w, is labor income; p(a)
is the pension benefit; 7 is a pension tax and A is the time horizon. As we can see,
the difference between working and retirement periods in the utility function comes from
the working hours h, term, which becomes zero after retirement. Also, we assume that
individuals start their working life with zero savings and end up their life also with no
savings (sqq = 0 and s 4 = 0). We do this as a simplification to avoid dealing with bequest
issues. Finally, it is important to realize that this model also includes the probability of
dying before age A (given by the survival probabilities S;). Therefore, even though the
individual would optimize assuming that he lives up to age A, he is also accounting for
the fact that he may not survive up to that age.



In the end, the retirement age comes implicitly from:

u (CaRa haRvHaR) —Uu (CaR,O, HaR)

’LLcaR

=p(ar) = (1 = T)Waghap, (1)

This means that the individual will stop working when the utility surplus from working
that period over the marginal utility gain from the consumption at that period equals the

difference between the pension income and the net labor income!.

3 Forecasting Retirement Ages with Dynamic Demographic
Variables

From the model above we have the conditions that set up the retirement age for individuals
according to economic and demographic variables. Now, in this study, we are interested in
analyzing how the retirement age would evolve based only on the change in demographic
variables. To do so, then we assume everything in the model as fixed, except survival
rates, life expectancy and health status.

First of all, following Sanderson & Scherbov (2013), we will define a health-based
index H, as:

that is, the probability of survival up to three years ahead of the current age. This gives
us a rough estimate of the health level of the population at various periods of time.

We propose an utility function of the form:

1—1
w(Cas ha, Ha) = 10“_ 5 I (1= Haha)
a function increasing in consumption and health, while decreasing on working hours. In
this function, the health of the individual only affects the disutility of working. This form
allows us to isolate the disutility of labor and include the detrimental effect of health while
working. Hence, (1) is:

¢ v-In (1= (1= Hap) hay) = plar) — (1 = Twaghay,

As stated, to analyze the pure effect of demographic improvements, we will assume
that, when working, all individuals work full time (h; = 1, @ < ag) and that both the
wages and consumption are constant at the age of retirement on all different periods (let’s
say w and ¢ respectively):

& v-In(Hap) = plag) — (1 — 7)w

Finally, we model the pension income in two ways. First, we assume a pay-as-you-go,
defined contribution style pension system where people can retire whenever they want

!Details of the derivation can be found in the Appendix.



and received an annualized pension income according to their savings up to the age of
retirement. Therefore:

1 ar—1 .
aw.y.ln(HaR):e dorew- (147 —(1-7)w (2)
R a=ag

were e, is the remaining life expectancy at the age of retirement ap.

We calibrate the model according to some parameters. First, we assume r = 2%,
7 =0.1. We also take a more updated age® for entering the labor market: a, = 20. With
these, we obtain the constant factor ¢¥v in such a way that, according to (*), people decide
to retire at age 65 in the year 20023.

With all these parameters set, we only need the input from life tables to find the
optimal retirement age at any period. For this illustration, we use the life tables for
males* from the World Population Prospects (WPP) (United Nations, 2015). As these life
tables are abridged, we also extrapolated the missing ages to have a complete life table.
To do that, and following the results from Baili et al. (2005), we decide to use the method
developed by Elandt-Johnson & Johnson (1999) to complete the life tables®.

Additionally, as a benchmark, we will compare these retirement ages with the intergen-
erationally equitable alpha normal pension ages, a,, proposed by Sanderson & Scherbov
(2015). The intergenerationally equitable normal pension age is derived from three as-
sumptions. First, each cohort receives as much in pension benefits as it contributes in
pension taxes. Second, the generosity of the pension system is the same for all cohorts.
The generosity of the pension system is defined as the ratio of the average annual pension
receipt to the average income of workers, net of their pension contributions. The third
assumption is that the pension tax rate is the same for all cohorts.

Given these assumptions, for each cohort, the ratio of the number of person-years
receiving a pension to the total number of person-years lived from labor market entry
onwards is fixed. In particular, we fix that ratio as the one observed in the countrys life
table at age 65 in year 2002, when 20 is the age of labor market entry. We denote this ratio
as k. In order to compute the intergenerationally equitable pension age, let Cy(a) be the
ratio of the number person-years receiving a pension to the total number of person-years
lived from labor market entry onwards derived from the life table of year t. Then the

intergenerationally equitable pension age in year t can be computed from the equation
1,7
ap =C, (k).

Table 1 presents the optimized retirement ages and alpha normal pension ages for the
G8 countries®. As expected, if individuals of the represented countries take their increase

2Considering that, especially in developed countries, practically all individuals finish at least their high
school education before entering the labor market. Therefore we choose a middle point between high school
education and college education, that is age 20.

3This is the year that the US Social Security uses as a base for setting the Full Retirement Age.

4Even though the model we present can be applied to any individual who works full time between
ages as and a,, in the empirical part of this paper we focus on males, since the females labor market
participation behavior is much more complex in real life.

5This method consists in a six-point Lagrangian interpolation between ages 1-9 and 10-74 and a Gom-
pertz curve fitting for ages 75 and above.

SResults for the countries in the sample can be given by request.
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in life expectancy in consideration for their retirement decision, they should naturally de-
lay their retirement. This pattern can be seen in all the countries represented in the WPP
life tables. Therefore, the first conclusion is that, unless the social security based pension
age sets a strong psychological barrier, individuals should choose to prolong their stay in
the labor market, easing as a consequence the burden of the pension system.

Also, it is quite interesting to notice that these “optimized” retirement ages are, in
almost all cases, above the calculated alpha normal pension ages (the exception being
Russia in the presented table). This seems to be a natural result, individuals would like
to maximize their own consumption, regardless of aggregate notions of ex-ante intraco-
hort equality. Nevertheless, it is important to remember that these results are strongly
dependent on the assumed pension system. For different schemes (e.g. defined benefit)
individuals may have incentives to retire earlier (see discussion on Section 5).

4 Retirement Ages on an Life-Cycle Optimization Framework

As a second exercise, we add more flexibility to the model by allowing individuals to op-
timize their consumption and savings in conjunction with their retirement age. At first,
we solve problem (*), that is, we assume that individuals decide optimally at the time
they enter the labor market how much they will consume and how much they save in each
period and when they will retire. In this model, which we denote as M2, individuals do not
update their survival probabilities during their lifetime, which means that whatever they
decided optimally at the beginning of their working life remains being their optimal choice
during the rest of their lifetime. Under this framework individuals tend to increase their re-
tirement age on a much faster way than in the purely demographic driven model (Table 2).

Second, we propose to adjust problem (*) to find a more realistic way of setting the
age of retirement. We know that people learn more information as time passes by. In this
case, as people get older, the probabilities of surviving up to later ages increase. Therefore,
adaptive expectations seem to be an appropriate setting for this case. This means, at each
age a people readjust problem (*) according to the new survival probabilities:

aR—l a+teg

max Z BSqu (cqy ha, Ha) + Z BSau (ca, 0, Ha)

ca,ha,5a+1,aR ~
) sSa+1, a=a a=ag

s.t.:

Ca + Sa+1 = (1 — Twghg + (1 +17)s, a<a<ag
Ca+ Satr1 =p(a) + (L +71)s, ap <a<a-teg

Sa given, Sgye, = 0

where eg is the remaining life expectancy at age a and s is the stock of savings at age a.

In the end, the problem turns out to be very simple: people will retire at the age
when the utility of working one more period and retire afterwards is lower than the utility
of retiring at the moment. We call this model M3.

Finally, we include an expansion of model M3 where labor income is also changing
over periods and lifetime. In this model, M/, we include an income profile for the US
coming from the National Transfer Accounts Project (NTA) (Lee & Mason, 2011) for the



period 2000-2005 and adjust it to be increasing by 1% on all the consecutive periods”.

We keep the parameter values from Section 3 and we add two more parameters:
8 =098 =~ 1—}rr and, following Havranek (2015), ¢» = 0.3. Again, we calibrate the re-
maining parameter v to have male individuals for the US retire at age 65 in the year 2002.

Table 2: Retirement Ages for US Males Coming from Different Models

Period M1 | M2 | M3 | M/
2000-2005 | 65 | 65 | 65 | 65
2005-2010 | 66 | 66 | 66 | 66
2010-2015 | 67 | 68 | 67 | 66
2015-2020 | 68 | 68 | 68 | 66
2020-2025 | 68 | 69 | 68 | 66
2025-2030 | 69 | 71 | 69 | 66
2030-2035 | 69 | 70 | 70 | 67
2035-2040 | 70 | 72 | 70 | 67
2040-2045 | 70 | 72 | 71 | 67
2045-2050 | 71 | 73 | 72 | 67
2050-2055 | 71 | 75 | 72 | 68
2055-2060 | 72 | 74 | 72 | 68
2060-2065 | 72 | 75 | 73 | 68
2065-2070 | 73 | 76 | 73 | 68
2070-2075 | 73 | 75 | 74 | 68
2075-2080 | 73 | 77 | 74 | 68
2080-2085 | 74 | 77 | 74 | 68
2085-2090 | 74 | 77 | 75 | 69
2090-2095 | 74 | 78 | 75 | 69
2095-2100 | 75 | 78 | 75 | 69

Notes:

M1: Model only with changes from life tables

M2: Model with first period optimization

MS8: Model with adaptive expectations

M4 : Model with adaptive expectations and increasing labor income

In Table 2 we see the results of the models M1 (the model presented in section 3),
M2, M3 and M/ for the US (similar results can be seen for the remaining countries in the
sample). It is interesting to see that, even with fixed income, the retirement ages obtained
from the life cycle optimization models (M2 and M3) are even higher than in the purely
demographic driven model (M1).

Finally, model (M) presents a very different picture. In this case, if labor income
starts declining around mid 50s, an additional extra year of work after 65 does not affect
too much the potential pension income nor the retirement decision. This explains the slow
increasing pattern of the retirement age, only reaching up to 69 by the end of the century.
This could imply a different policy approach: instead on focusing on a pension reform,

"We are aware that this income profile does not truly represents the income profile of an individual
working full time. However, we use it for illustration purposes: what happens if the income starts decreasing
after a certain point in life due to exogenous labor market frictions



it could be more effective to focus on the labor conditions and income of people at ages
close to retirement. In that way, policymakers could give enough incentives to people to
remain in the labor force for a longer time, and therefore reduce the stress on the pension
system.

5 Retirement According to Different Pension Schemes

As we discussed in Section 3, the optimal decisions of the individuals heavily depend on
the pension scheme. Defined contribution systems as the one we used so far are easy
to analyze on a life-cycle consumption and savings decisions model as, in this case, the
pension can be seen as a special case of savings. Therefore, it provides a clean insight
of the problem in individual terms, as, in a way, the money the individual saves on the
pension fund is the money that he will receive when he retires. But when we look at other
systems, for example, defined benefit systems, this kind of analysis becomes blurrier.

To illustrate this, we will show two different schemes. The first one, a simplified defined
benefit scheme where individuals receive 60% of their post-tax income as a pension bene-
fit. For the second scheme, let’s assume that we have a system in where individuals retire
at the time that their calculated pension income in the defined contribution scheme we
proposed in Section 3 is again 60% their income before retiring®. We estimate both models
in the adaptive expectations framework that we presented in Section 5 (model M3). As
we can see in Table 3 (which also include alpha normal pension ages for a reference), the
story changes drastically. In a defined benefit system, individuals at the starting periods
would retire considerable earlier than in a defined contribution system. However, and also
very interesting, as time goes by, and as life expectancy increases, the retirement age from
the defined benefit model converges to the alpha normal pension age. For the second case,
which we call the “target income” model, we see an opposite story, where the retirement
age starts above alpha normal pension age and then also converges to it.

All cases have different policy implications. If we analyze this on a pure actuarial
fairness basis, the defined contribution system is the one that evolves closer to the alpha
normal pension ages. This is expected: as we said, here individuals save, retire optimally
and receive ad-hoc pensions in a way that maximizes their lifetime utility. Now, in the
first case, since the pension that the individuals receive is independent of how much they
contributed to the system, there are all sorts of imperfections. Indeed, a 60% replacement
rate is a relatively high number, so individuals have enough incentives to try to retire
before what an actuarially fair system would propose”. This is certainly implied in the
second model, as, to be able to perceive such a high percentage of their post tax income,
individuals would have had to save for a much longer period.

8That is, when:

Car a=ag

plar) = ! [ Z T-(1+ T)aR_&] =0.6[(1—71)w]

9And this is what we see in real life, a considerable amount of people start taking their pensions as
soon as they can.



Table 3: Retirement Ages for US Males According to Different Pension Schemes using
Adaptive Expectations (M3) and Alpha-Normal Pension Ages

Defined Defined | Target a-normal
Period Contribution | Benefit | Income | Pension Age
2000-2005 65 59 68 65
2005-2010 66 60 69 66
2010-2015 67 60 69 66
2015-2020 68 61 69 67
2020-2025 68 62 70 67
2025-2030 69 63 70 68
2030-2035 70 65 70 68
2035-2040 70 66 71 69
2040-2045 71 67 71 69
2045-2050 72 68 71 70
2050-2055 72 69 72 70
2055-2060 72 69 72 71
2060-2065 73 70 72 71
2065-2070 73 71 72 71
2070-2075 74 71 73 72
2075-2080 74 72 73 72
2080-2085 74 72 73 72
2085-2090 75 73 73 73
2090-2095 75 73 73 73
2095-2100 75 74 74 73

6 Conclusions

A labor market model with dynamic entry and retirement ages are a must if we want to
do analyses of labor markets and related topics such as tax and pensions systems. Here we
show that, when including dynamic demographic variables, the outlook of labor markets
for the upcoming years change considerably in terms of retirement age. It means that if
people consider the changes in health and life expectancy they will naturally prolong their
stay in the labor force. Even though this preliminary model is not considering changes in
entry ages to the labor market, the results seem more adequate than models with fixed
retirement age. Indeed, on a simple look, entry ages depend heavily on education: young
people normally enters the labor force when they complete their desired level of education,
that is, after a certain number of years which is independent on demographic variables!©.
Therefore retirement ages seem to be the main key to create a more realistic model of
labor market.

The forecasted postponements in retirement immediately imply that support ratios
should not be as bad as expected with the standard models. In fact, as Table 4 shows,
the adaptive expectations model imply fairly stable support ratios, completely opposite
to what standard models show!!.

OFor example, at age 18 if the individual would only want to finish high school education, or age 22 if
he chooses to have 4 years of college education.
11 As the ratio of people between ages 15-64 and 65 and older.



Table 4: Estimated Support Ratios from Standard Models vs Adaptive Expectations (M3)

Period Standard Models | Adaptive Expectations
2000-2005 5.4 4.8
2005-2010 5.3 5.1
2010-2015 4.8 5.1
2015-2020 4.2 5.0
2020-2025 3.6 4.2
2025-2030 3.1 4.0
2030-2035 2.9 3.9
2035-2040 2.8 3.6
2040-2045 2.8 3.8
2045-2050 2.7 4.1
2050-2055 2.7 4.0
2055-2060 2.6 4.0
2060-2065 2.5 4.1
2065-2070 24 3.9
2070-2075 2.4 4.0
2075-2080 2.3 3.9
2080-2085 2.3 3.8
2085-2090 2.2 4.0
2090-2095 2.2 3.9
2095-2100 2.1 3.8

This effectively changes the focus of many policy approaches. Should countries really
take extreme measures designed to deal with the support ratio problem? If we consider the
results of this paper, then the answer depends on many factors, but most importantly on
the configuration of the pension system. A more flexible system, such as the one presented
in this paper, seems to give enough incentives to individuals to delay retirement on their
own, without much need for government intervention. But also, it is clear that in other
systems the incentives point to the opposite direction.

And this is what is shown in most studies of pension systems. In the end, if the
system is not designed in a way that individuals receive something that is consistent with
what they are contributing, then problems will definitely arise. In this way, it is especially
crucial to recognize the psychological bias that a pension age produces on an individual.
Certainly, we cannot pretend to assume that all individuals conduct a full analysis on
when to retire optimally according to evolving demographic variables'?. On the contrary,
it is safe to assume that a significant group of people would actually retire when they
reach their pension age. For these cases, setting a demographically indexed pension age
ends up being a critical issue, otherwise, the “demographic time bomb” will explode only
as the result misshaped policies.

12 Although individuals’ subjective life expectancy it is closely related to their objective life expectancy
(e.g. Hurd & McGarry 2002), actual retirement does not really coincide with planned retirement ages (e.g.
Khan et al. 2014.)

10



7 References

Attanasio, O., S. Kitao, and G. L. Violante. 2007. Global demographic trends and social
security reform. Journal of Monetary Economics 54(1): 144-198.

Baili, P., A. Micheli, A. Montanari, and R. Capocaccia. 2005. Comparison of four methods
for estimating complete life tables from abridged life tables using mortality data supplied
to EUROCARE-3. Mathematical Population Studies 12(4): 183-198.

Bergstrom, T. C. and J. L. Hartman. 2005. Demographics and the political sustainability
of pay-as-you-go social security. CESifo Working Paper Series (1378).

Bloom, D., D. Canning, and M. Moore. 2014. Optimal retirement with increasing longevity.
Scandinavian Journal of Economics 116(3): 838-858.

Bloom, D. E., D. Canning, R. K. Mansfield, and M. Moore. 2007. Demographic change,
social security systems, and savings. Journal of Monetary Economics 54(1): 92-114.

Chang, F.-R. 1991. Uncertain lifetimes, retirement and economic welfare. FEconom-
ica 58(230): 215-232.

Cooley, T. F. and J. Soares. 1996. Will social security survive the baby boom? Carnegie-
Rochester Conference Series on Public Policy 45: 89-121.

De Nardi, M., S. Imrohoroglu, and T. J. Sargent. 1999. Projected U.S. demographics and
social security. Review of Economic Dynamics 2(3): 575-615.

Elandt-Johnson, R. C. and N. L. Johnson. 1999. Life tables: Fundamentals and con-
struction. Pages 81-127, in Survival Models and Data Analysis. John Wiley & Sons,
Inc.

Feldstein, M. 1974. Social security, induced retirement, and aggregate capital accumula-
tion. Journal of Political Economy 82(5): 905-926.

French, E. 2005. The effects of health, wealth, and wages on labour supply and retirement
behaviour. The Review of Economic Studies 72(2): 395-427.

Galama, T., A. Kapteyn, R. Fonseca, and P.-C. Michaud. 2013. A health production
model with endogenous retirement. Health Economics 22(8): 883-902.

Gustman, A. L. and T. L. Steinmeier. 1986. A structural retirement model. Fconomet-
rica 54(3): 555-584.

Haan, P. and V. Prowse. 2014. Longevity, life-cycle behavior and pension reform. Journal
of Econometrics 178, Part 3: 582-601.

Havranek, T. 2015. Measuring intertemporal substitution: The importance of method
choices and selective reporting. Journal of the European Economic Association.

Heijdra, B. J. and W. E. Romp. 2009. Retirement, pensions, and ageing. Journal of Public
Economics 93(34): 586-604.

Hu, S. C. 1979. Social security, the supply of labor, and capital accumulation. The
American Economic Review 69(3): 274-283.

11



Hurd, M. D. and K. McGarry. 2002. The predictive validity of subjective probabilities of
survival. The Economic Journal 112(482): 966-985.

Imrohoroglu, A., S. Imrohoroglu, and D. H. Joines. 1995. A life cycle analysis of social
security. Fconomic Theory 6(1): 83-114.

Kalemli-Ozcan, S. and D. N. Weil. 2010. Mortality change, the uncertainty effect, and
retirement. Journal of Economic Growth 15(1): 65-91.

Khan, M. R., M. S. Rutledge, and A. Y. Wu. 2014. How do subjective longevity expecta-
tions influence retirement plans? Working Papers, Center for Retirement Research at
Boston College (wp2014-1).

Kitao, S. 2014. Sustainable social security: Four options. Review of Economic Dynam-
ics 17(4): 756-779.

Kuhn, M., S. Wrzaczek, A. Prskawetz, and G. Feichtinger. 2015. Optimal choice of health
and retirement in a life-cycle model. Journal of Economic Theory 158, Part A: 186-212.

Lee, R. D. and A. Mason. 2011. Population aging and the generational economy : a global
perspective. Cheltenham; Northampton, MA; Ottawa: Edward Elgar; International
Development Research Centre.

Mitchell, O. and G. Fields. 1984. The economics of retirement behavior. Journal of Labor
Economics 2(1): 84-105.

Sanderson, W. C. and S. Scherbov. 2013, December. The characteristics approach to the
measurement of population aging. Population and Development Review 39(4): 673-685.

Sanderson, W. C. and S. Scherbov. 2015. An easily understood and intergenerationally
equitable normal pension age. Pages 193—220, in B. Marin ed., The Future of Welfare
in a Global Europe. Farnham, UK: Ashgate Publishing Limited.

United Nations 2015. World Population Prospects: The 2015 Revision. New York, NY:
Department of Economic and Social Affairs, Population Division.

12



8 Appendix
There are two Lagrangians representing working and retirement periods:

Ly =Sau (cqy ha, Ha) + A5 [(1 — T)wahe + (1 4+ 7)Sq — Ca — Sat1]
Ly =Squ(cq,0,Hg) + N [p(a) + (14 7)Sq — cq — Sa+1)

Taking first order conditions on consumption we have:

0Ly ou(ca, hay Ha)

Do, =S, ac, -, =0
oL, . 8'&(0(17 0, Ha) ro__
86@ _Sa 60(1 )\a B O

Now, because of continuity, it has to be that at the age of retirement both Lagrange
multipliers Ay and A . have identical value:

N =
Ou(Caps haps Hay)
Ocap

= 9 =9 au(caRaoaHaR)
Ocap

aRr

aR = SaRucaR

Also, again because of continuity, the Lagrangians have identical values at the age of
retirement:

,Cw(CLR) = ,CT(CLR)
= Sap (Capshags Hag) +)‘ZUR (1 = T)waghap + (1 +7)Sap — Cap — Sag+1]
= Sapt (Cap: 0, Hap) + )‘ZR [p(ar) + (1 + T)Sap — Cap — SaR-H]
After simplifying we end up with condition (1):

u (CaRa haRvHaR) —Uu (CaR7O; HaR)

’LLcaR

=p(ar) = (1 = T)Waghap, (1)
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