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Abstract

As the heterogeneity in life expectancy by socioeconomic status increases, many pension systems imply a
wealth transfer from short- to long-lived individuals. Various pension reforms aim to reduce inequalities
that are caused by ex-ante differences in life expectancy. However, these pension reforms may induce
redistribution effects. We introduce a dynamic general equilibrium-overlapping generations model with
heterogeneous individuals that differ in their education, labor supply, lifetime income, and life expectancy.
Within this framework we study six different pension reforms that foster the sustainability of the pension
system and aim to account for heterogeneous life expectancy. Our results highlight that pension reforms
have to be evaluated at various dimensions. Reforms that may increase the sustainability of the pension
system are not necessarily conducive to reduce the redistributive wealth transfers from short- to long-
lived individuals. Our paper emphasizes the need for studying pension reforms in models with behavioral
feedback and heterogeneous socioeconomic groups.
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1. Introduction

Many studies have shown a negative and increasing correlation between mortality rates and higher
socioeconomic status (SES) by occupation, education, income, and even wealth (Preston and Elo,
1995; Lleras-Muney, 2005; Waldron, 2007; Manchester and Topoleski, 2008; Luy et al., 2011;
Olshansky et al., 2012; National Academies of Sciences, Engineering, and Medicine and Committee
on Population and others, 2015; Chetty et al., 2016). The results imply a widening of the difference
in life expectancy between high- and low-SES groups in recent decades. One implication of this demo-
graphic trend is that pension systems become more regressive. Through risk pooling low-SES groups
unexpectedly subsidize the pension benefits of high-SES groups since individuals who have on average
a higher life expectancy receive their benefits for more years compared to those who have a low life
expectancy.’ Thus, besides the necessity of pension reforms to cope with the increasing life expectancy
at retirement and the long-run sustainability of pension funding, policy makers also need to consider

"For a detailed review of the heterogeneity in life expectancy by SES and its implication on pension schemes see Ayuso
et al. (2016), Auerbach et al. (2017), Lee and Sanchez-Romero (2020), Palmer and Gosson de Varennes (2019), Haan et al.
(2020), Holzmann et al. (2019), Jijiie et al. (2022), and Sanchez-Romero and Prskawetz (2023).
© The Author(s), 2023. Published by Cambridge University Press. This is an Open Access article, distributed under the terms of the Creative

Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and reproduction,
provided the original article is properly cited.
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that individual aging is heterogeneous across SES groups. Reforms need to counteract the increasing
regressivity of pension systems.

In a pension system with a flat pension replacement rate, a reform to avoid the increasing regres-
sivity across SES groups would imply that all SES groups receive the same return from their pension
plans regardless their ex-ante life expectancy.” This reform can be implemented through changes in
contributions or in benefits. Since different contribution rates by occupation may create unwanted
labor incentives (Pestieau and Racionero, 2016), this option is generally not considered by pension
systems. Instead, many proposals suggest modifying the benefit formula, given that once individuals
claim their pension benefits, they cannot modify their working lives. However, it is still likely that indi-
viduals may react to changes in the benefit formula before retiring (Sdnchez-Romero and Prskawetz,
2020; Sanchez-Romero et al., 2020), which may also induce an unwanted redistribution of resources.
Thus, in this paper we will study the redistributive properties of various pension reforms not just at the
time of retirement but over the whole lifecycle. We will also consider how different birth cohorts are
affected by the reforms.

For such reforms it is important to correctly choose the SES variable(s) used for differentiating
across groups. In particular, the choice of the SES variables should be based on two main criteria.
First, it should capture the strength of the increase in the longevity gap by SES and, second, it should
not change over the lifecycle.” In the literature, the most frequently suggested SES measures, that sat-
isfy both criteria, are education and lifetime labor income. However, neither lifetime labor income nor
education can by itself account for the full variance in life expectancy by SES (Bosworth et al., 2016).
Consequently, any model aiming at analyzing the redistributive properties of reforms that aim to
reduce the regressivity of pensions should consider a population that is at least heterogeneous with
respect to life expectancy, education, and lifetime labor income. This implies the necessity of imple-
menting a model with more than one degree of heterogeneity. The models of Fehr et al. (2013), Fehr
and Uhde (2013), Fehr and Uhde (2014), Laun et al. (2019), and more recently Jones and Li (2023), in
which agents face idiosyncratic income risk, disability risk, and mortality risk by the skill group, and
the distribution of skill groups is the same across cohorts, are potential candidates. However, in reality,
education is changing across birth cohorts, which may cause that the observed increasing gap in life
expectancy by educational attainment is just driven by the fact that the low-educated group becomes
more negatively selected over time (Goldring et al., 2016; Hendi et al., 2021).

To take into account the complexity of modeling the variance in life expectancy we setup a dynamic
general equilibrium model with a heterogeneous population by education, life-time labor income, and
life expectancy. More specifically our model allows individuals to (endogenously) choose their educa-
tional attainment, based on their initial endowments of their schooling effort and innate learning abil-
ity, two characteristics that represent the unobserved heterogeneities in our population. Similar to
Pestieau et al. (2016), we link mortality and fertility to the education decision of individuals.* In add-
ition, based on Chetty et al. (2016), Bosworth et al. (2016), and Murtin et al. (2022), we also link dif-
ferences in longevity to income. Given a specific educational attainment, agents will choose their
consumption and labor force participation at each age. The institutional setup in which agents
make their decisions is given by the current Austrian pension system. Austria’s pension system is
an interesting case because, similar to many other non-progressive pension systems in The
Organization for Economic Cooperation and Development countries, it has neither implemented
any policy that corrects for the increasing life expectancy nor the diverging life expectancy by SES.
However, like many other pension systems, to guarantee its long-run sustainability proposals are

*Ex-ante differences in life expectancy arise from differences in the probability of death, while the ex-post difference in the
length of life arises from the random process of death.

3See Lee and Sanchez-Romero (2020) and Sédnchez-Romero and Prskawetz (2023) for a discussion.

*Our model setup relies on studies that link differences in longevity between educational groups to education-specific indi-
vidual behavior (Preston and Elo, 1995; Doblhammer et al., 2005; Shkolnikov et al., 2006; Manchester and Topoleski, 2008;
Klotz, 2010; Luy et al.,, 2011; Olshansky et al., 2012).
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indispensable and should also consider the diverging trends of life expectancy across different sub-
groups of the population.

We calibrate our model to fit the historical evolution of the Austrian educational distribution by
applying the Bayesian melding method (Poole and Raftery, 2000). Within our model framework we
then study how different pension reforms may induce a redistribution across a heterogeneous popu-
lation that differs, among others, by income and longevity, taking the Austrian pension system as the
benchmark. In each reform scenario we include a sustainability factor that guarantees that the contri-
bution rate of the pension system will stabilize at 22 percent. In the first reform we assume that the
Austrian pension system is augmented by the aforementioned sustainability factor (reform 1). We
next implement a reform that accounts for a delay in the retirement age (reform 2) and a reform
that aims at the same working length across the population (reform 3). In a further reform we imple-
ment the proposal by Ayuso et al. (2017) that recommends adjusting the pension replacement rate of
each retiree according to the difference between the remaining years-lived of the population subgroup
of the retiree and that of the average retiree (reform 4). With this proposal, it is expected that at the age
of retirement all retirees will earn the same present value of benefits relative to the contributions paid.
We continue with a reform by Sdnchez-Romero and Prskawetz (2020) that suggests finding the level of
progressivity in the replacement rate such that the pension program is ex-ante neither regressive nor
progressive for any population subgroup (reform 5). The last reform we propose follows the
recent literature, for example, Vandenberghe (2022), that implements a front-loading benefit scheme
(reform 6).

To compare the various pension reforms we first present the effect of each reform on selected
macro variables (output per capita, the pension cost-to-output ratio, and the total pension
wealth-to-output ratio) for 2030, 2040, 2050, and 2060. To examine the redistributive properties of
each pension reform, we utilize alternative indicators such as the lifetime labor supply (in years-
worked), the internal rate of return (IRR) of the pension system,5 and the change in welfare of
each generation relative to the benchmark. We report all indicators for four distinct population groups
that differ by educational attainment, labor income, and life expectancy and for two birth cohorts
(1980, 2020). These two cohorts are selected to demonstrate the impact of pension reforms on the
phase-out cohort (born in 1980), which bears the majority of the transition costs, as well as a cohort
that experiences the fully matured new pension system (born in 2020).

Overall, our results indicate that a pension reform that implements a delay in the retirement age
together with a sustainability factor (pension reform 2) is most favorable in terms of its macroeco-
nomic outcome (compared to the benchmark of the current Austrian pension system, output per
capita increases and the ratio of pension cost-to-output and the total pension wealth-to output
decrease). However this reform increases the inequality among socioeconomic groups in terms of
their labor supply, the IRR and welfare. All other pension reforms that we study are less favorable
in terms of output per capita developments, but nevertheless they all manage to keep pension costs
and pension wealth lower (or at least not higher) compared to the benchmark of the current
Austrian pension system. In terms of the labor supply, pension reforms that aim to correct for the
heterogeneity either in years-worked or in life expectancy (reforms 3-5) manage to reduce the inequal-
ity while the pension reform of a front-loading pension benefit scheme (reform 6) increases the
inequality. In terms of the IRR the results are slightly different. Again, pension reforms 4 and 5,
that take the heterogeneity of life expectancy into account, reduce the spread of the IRR between dif-
ferent groups in the population, while pension reform 3 that accounts for an equal working length, has
a rather negligible effect on the spread of the IRR. Front loading of benefits (pension reform 6) on the
other hand increases the spread of the IRR. In terms of welfare, our results indicate a loss of welfare for
the 1980 cohort for all pension reforms except for reform 6 which implements a front loading of

*Previous empirical studies analyzing the progressivity of pension systems using the IRR are Aaron (1977), Hurd and
Shoven (1985), Duggan et al. (1993), Gustman and Steinmeier (2001), and Liebman (2002) in the United States, and
Schréder (2012) and Haan et al. (2020) in Germany, among others.
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benefits. In contrast, for cohort 2020 that is already confronted with a matured pension system, welfare
improves for all reforms. In terms of the distributional effects, those reforms that account for the het-
erogeneity of life expectancy (reforms 4 and 5) also imply the lowest differences in welfare across social
groups.

The paper is structured as follows. Section 2 introduces a general framework of modeling pension
systems and illustrates the various components for the case of Austria. In Section 3 we present the
dynamic general equilibrium-overlapping generations (OLG) model. In Section 4 we discuss the par-
ametrization of the model and the calibration strategy using the Bayesian melding method. In Section 5
we introduce the six pension reforms which are compared with respect to their macroeconomic impact
and distributional effects in Section 6. Section 7 concludes. We provide a detailed derivation of the eco-
nomic model and further results on the calibration and simulation of the model in the online
Appendix.

2. A general framework for modeling pension systems

Based on Sanchez-Romero et al. (2020) we introduce a general framework of pension systems which is
applied to the Austrian case in Section 6. The Austrian pension system is an unfunded and defined
benefit system. The general pension formula of the current Austrian pension system follows the
rule that after forty-five years of contribution, retiring at age 65, workers will receive 80 percent of
their average lifetime income (Knell et al., 2006; Sanchez-Romero et al., 2013). However, current work-
ers are still subject to transition rules from older systems to the current pension regime, which have to
be taken into account in a meaningful quantitative exercise. Our approach is flexible enough to not
only capture these different historical changes in the Austrian pension system® that are still relevant
for current living cohorts, but our framework is general enough to also capture the main character-
istics of many different countries’ pension systems.

The pension system will be embedded in a full-scale general equilibrium framework in the next
section. For now, just take the series of age-specific labor supply I, and gross labor income y, as
given, which will determine pension benefits b, of a representative household head of age a. A repre-
sentative household head consists of a mass of atomistic individuals of the same age and the same
initial characteristics. A characteristic could be any form of heterogeneity (e.g., learning ability) as
long as individuals do not switch characteristic during their active life time, which is why a corre-
sponding index can be dropped in this section. Importantly, labor supply I, can be thought of as
the number of persons a representative household head sends to work at age a. Let a;(l,) be the frac-
tion of individuals of age a with the same initial characteristics, represented by the household head,
that are retired, which is inversely related to the labor supply, that is, &;(l;) < 0. Agents can retire
after the minimum retirement age J and no later than a maximum retirement age /. We denote the
normal retirement age by J". The average pension benefit received at age a by a retired individual
is given by

b, = max {A, - ¢(pp,) - pp,> b™"} - p. 1)

The amount of pension benefits claimed depends on four components: (i) pension points accumulated
PP (ii) a targeted pension replacement rate ¢(-) (e.g., currently in Austria ¢ = 0.8), (iii) a replace-
ment rate adjustment factor 4,, which is a function of the average years contributed and the average
retirement age (e.g., retiring at age 65 after 45 contribution years implies 1, = 1 in Austria), and (iv) a
minimum threshold ™" such that benefits are supplemented if they fall short of it. To be able to
incorporate potential reforms, we further allow for a sustainability factor p <1 (similar to a pension
benefit specific tax), that guarantees a maximum social contribution rate. Thus, when the maximum

%See Section A.6 in the online Appendix for more information on the evolution of the parametric components of the
Austrian pension system.
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social security contribution rate is reached, the government will adjust the pension benefits downward
by reducing p until the system is balanced.

The pension replacement rate adjustment factor 1, consists of two components: A}’ captures pen-
alties and rewards for retiring earlier or later than the normal retirement age J" and A° corrects for
fewer than the targeted contribution years (e.g., in Austria 45):

N {1—pen<1N—a> if J<a</V, @
@ 7 | 1+rew@—JN) ifN<a<].

For illustration, in the Austrian case every year retired before J™ = 65 implies a decrease in benefits
by 5.1 percent and every year retired after /" implies an increase in benefits by 4.2 percent, hence we
would set pen=0.051 and rew =0.042. The factor A)° proportionally relates the number of years
worked ly to the targeted years worked wy (e.g., 45 in Austria) and is defined as follows:

e =y +@=Dl/wy, fora>], ©

where the number of working years for a <] is recursively defined as ly,+1 = Iy, + (I./ L).” Until min-
imum retirement age J persons have phases of work and phases of non-participation, for example, a
maternity leave, with the latter not counting toward ly. This is captured on average by I, falling short of
the maximum number of possible working hours L. However, after ] each year a worker either con-
tinues to work for another full year or begins retirement which completes the working career. A worker
retiring at age a therefore faces the joint adjustment factor A’°A’?. However, as not all members with
the same and initial characteristics retire at the same time, we have to keep track of the fraction of
workers retiring at each age to compute an average adjustment factor A,

a—1
a—1—i . yc Ali,

N=Y NN )\?ﬁ, with Ay = 0, (4)
i=] a

which is the sum from the earliest retirement age ] to a-1 of the joint adjustment factors always
weighted by the fraction of individuals of the same age and characteristics entering retirement. In add-
ition, we allow for pension front-loading parameterized using A”, which if smaller than 1 will reduce
pension payouts for every additional year they are claimed by an agent. The dynamics of the pension
points is given by

PPat1 = lay(la) + (1 — oy (l))Ralpp, + ¢"PBI(ya), 5

where R, = (1 + i,)/ 7, is the capitalization factor of the pension system, which depends on a cap-
italization index (i,) that is set by the social security system and the average conditional survival prob-
ability of the cohort (77,). Note that the average conditional survival probability of the cohort, 7,, does
not necessarily coincide with the conditional survival probability of the individual, ,. Pension points
are capitalized until all individuals of the cohort are retired or ;(I) =1. Pension points of retired
workers are inflation-indexed and therefore stay constant in real terms. ¢” is the conversion factor
of labor income to pension points (e.g., in the Austrian case we currently have ¢* = 1/wy=1/45=
0.022) and PBI(y,) is the pension base increment.

Although in the future all working years will serve as pensionable income base in Austria, the
old systems that are still relevant in the transition are based on the n best income years which is expli-
citly modeled. We create an ordered vector p, for each household head comprised of the n best

"The constant term L is set at 0.40, which is the fraction of time devoted by an individual who works full time, i.e.,
L = ((52-8) weeks x 40 hours)/(52 weeks x 7 days x (24—12) hours), where 8 corresponds to the correction for holidays
and vacations.
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earnings years in terms of capitalized income p; until age 4; that is
p. =1{(P1> p2s ---» pu) ERL:py > py > - > p,}. Each year, after capitalizing all stored incomes,
the vector is updated by inserting current income as long as it is larger than the smallest stored elem-
ent p,,, which in turn will be eliminated from the vector. The effective pension base increment is there-
fore the improvement of using current income instead of the lowest past income still relevant for the
pension base, that is, PBI( y,) = max (y,—p,, 0). Note that this formulation nests the case in which all
life-time earnings are the pension base by setting n large enough which effectively implies
PBI(y.) = ya» Va. This way of explicitly modeling an n-best-years-system has a considerable advan-
tage in terms of capturing the system’s incentives over the commonly used short-cut of fixing the last n
years as pensionable income years. This is true even if ex-post the last # years turn out to be the best n
years. In the short-cut, household heads consider all incomes before the last n years as wasteful in
terms of earning pension rights, resulting in a high effective participation tax rate during that period.
However, this tax rate sharply drops once the last n years are included. In contrast, in our modeling
approach, the evolution of the effective tax rate is much smoother over age, reflecting that an agent has
already accumulated considerable pension rights by the time the last n years start.

Similarly, to account for the negative impact that the minimum pension benefit has on the labor
supply, the minimum pension benefit is modeled assuming that individuals start with a minimum
pension points; that is b™" = @(pp™i?) - pp™=©.

3. The model

To evaluate different pension reforms in heterogeneous aging populations we setup a discrete time
dynamic general equilibrium-OLG model with heterogeneous households. Our model is populated
by Z=1{1, 2, ..., 500} generations, or birth cohorts. Each birth cohort is comprised of A/ hetero-
geneous representative agents. Each representative agent n € {1, ..., A} is characterized by a set of
initial endowments or permanent unobservable characteristics. We assume the set of permanent
unobservable characteristics for agents of type 7 to be the same across all birth cohorts.® We denote
the set of initial characteristics of all agents of type n by 8, € ©, where O is the set of all possible com-
binations of characteristics. We distinguish between two components of characteristics, the effort of
schooling 7,, and the innate learning ability &,; that is, 8, = (17, £,,) € ©.

3.1 Households

Households are comprised of an adult agent (household head) and dependent children. Agents enter
the model at age 0, face mortality risk, and may live up to a maximum of Q =100 years (see agents’
timeline in Figure 1). Agents give birth each year to a fraction of children according to age-, cohort-,
and education-specific fertility rates and children can die according to age- and cohort-specific mor-
tality rates.”'* Hence, our setup allows keeping track of changes in the family structure over time for
each education and birth cohort. Let the household size in equivalent adult consumers units be
denoted by H. Agents are raised by their parents from birth until the age of finishing primary school-
ing, denoted by a. After age a agents leave their parents’ home, settle their own household, and are
randomly endowed with a set of initial characteristics 8, = (1,,, £,,) € ©. After receiving the set of initial
endowments, agents decide on whether they stay with primary school or to invest into additional

8Notice that by imposing an identical set of initial characteristics to a representative agent #, independent of the cohort she
belongs to, we avoid that the good match of the model to the data is driven by having time-varying structural parameters.

*We assume the population growth rate to be equal across all educational groups within a cohort. Since higher educational
groups have a lower mortality, this assumption implies that we need to also adjust fertility accordingly, i.e., agents with higher
education have lower fertility rates. See the relationship between education, life expectancy, and fertility in Figure A.3 in the
online Appendix.

'%Similar to Wittgenstein Centre for Demography and Global Human Capital (2018), we assume children’s mortality rates
do not differ as long as they live with their parents.
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Decisions: Household consumption (e) Household consumption (¢} Household consumption (¢)
Length of schooling (¢) Labor supply (1) Leisure time (I = 0)
Child leaves
parent’s household
. Extra . .
Childhood education Working Retirement
period period period period
- Age
0 a a+e J K 0
a Retirement

transition

Initial endowments
O = (s &a)

Figure 1. Agents’ timeline.

schooling like secondary school or college. We therefore distinguish between three levels of education
measured by additional years of schooling beyond primary school, e € E ={0 years := primary, 4
years := secondary, 8 years := college}.""

At each age agents choose the total consumption of the household and decide on the number of
hours worked. From age J (i.e., minimum retirement age) until age J (i.e., maximum retirement age)
each agent of type n will choose the fraction of time spent on the labor market and on retirement.'*
After age ] all agents are assumed to be retired and only devote time to leisure.

For notational simplicity, we present in this section all control and state variables with the age sub-
script a, the educational attainment subscript e, the agent type with the subscript n, and suppress the
birth cohort subscript z € Z.

3.1.1 Preferences

Given the years of schooling (e), agents have preferences over household consumption (c) and hours
worked (/). Preferences are assumed to be separable and logarithmic in consumption. The period util-
ity function of a representative agent of age a, with education e, of type n is given by

U(Ca,e,na la,e,n) = VC(Ca,e,n) - VE(ax e, n)

- VL(lu,e,n) + V](LEu,e,n)a](la,e,n)- (6)

Equation (6) implies that utility is increasing in household consumption (vc(Cae,n) = Haelog (aen/
H,,.)), where H,, is the household size measured in equivalent adult consumption units. Utility
decreases because agents incur a cost of attending schooling as measured by vi(a, e, n) = 17,1(care}
(Oreopoulos, 2007; Restuccia and Vandenbroucke, 2013; Le Garrec, 2015; Sanchez-Romero et al.,
2016; Sanchez-Romero and Prskawetz, 2020), where 71, >0 is the marginal cost of each additional
year of schooling and 1y,,..; is an indicator function that takes the value of 1 if a <a + e and 0 other-
wise. We consider 7, as a proxy for the socioeconomic background. Thus, higher (resp. lower) values
1, are associated with a lower (resp. higher) socioeconomic background. We assume a standard iso-
elastic disutility from working v;(l,.,), where the marginal disutility from working I,., hours is

""The legal minimum working age in Austria is 15. However, there are a number of exceptions (codified in the ‘Kinder-
und Jugendlichen-Beschiftigungsgesetz, 1987’) for working at lower ages (e.g., working in family businesses and most notably
when starting an apprenticeship). This is why we set the first cut-off age to 14, although start working below the age of 15 is
rather exceptional.

">This is equivalent to assuming that all households with similar permanent unobserved characteristics are part of a rep-
resentative household and share their labor income and pension benefits. The same approach has been taken by Den Haan
and Kaltenbrunner (2009) and de la Croix et al. (2013).
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Vilgen) = aL(lu,e),,)l/ %, with ay, o > 0. Utility also increases in the time spent in retirement as given
by aj(l,..)- Recall that a1, ) reflects the fraction of household members with similar characteristics
(a, e, n) who are retired. The term v;(LE,.,) = vo(LE,,)" with vo>0, v; <0 implies that the utility
from being retired is an increasing function with respect to the remaining life LE,, . ,, (Sanchez-Romero
et al., 2020).

3.1.2 Human capital

We denote the stock of human capital of an agent at age a with e years of education and of type n by
hgen All agent types are assumed to start at age a with the same initial stock of human capital, h, .,
but different learning ability &,. We assume individuals can increase their human capital by attending
schooling. The accumulation of human capital is described by the following function that is based on
the Ben-Porath mechanism:

hu,e,n + gn(ha,eﬂ)w‘ a
a

ha,e,n

ha+1,e,n = { (7)

where the number of years of education, e, is a discrete choice variable. Specifically, agents choose
whether to stay with compulsory education (e =0), complete high school (e =4), or complete college
(e=8).

3.1.3 Budget constraint
We assume the existence of a perfect annuity market in which agents can purchase life-insured loans,
when they are in debt, and annuities in case of having positive financial wealth. Let us denote the con-
ditional probability of surviving from age a to age a + 1 as 7, ,, the financial wealth at age a as k, .,
and 7* the tax rate on capital. There are three sources of income after survival: (1) the interests gained
from the initial financial wealth annuitized (R, .,~1)k,. ., where R, = (1 + ru(l—*r];)) [ Taen is the
capitalization factor of the annuity, (2) the labor income earned net of contributions 7, and taxes
TL, that is, (1—7'2)(1—72))/%;1, and (3) the pension benefits (net of taxes) (l—i)ba,e,na](la,e,n). The
term a(l,,,) represents the fraction of agents with similar endowments that are already retired.
Recall that we assume ¢;(I) is inversely related to the labor supply. See Section 2 for the pension bene-
fit formula.

The income is used for savings k,.1.¢,—ka,.» and consuming market goods (1 + 75)c,.,,» where 7, is
the consumption tax. We assume agen