~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Lau, Morten I.; Poutvaara, Panu

Working Paper
Social Security Incentives and Human Capital Investment

CESifo Working Paper, No. 438

Provided in Cooperation with:
Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Lau, Morten 1; Poutvaara, Panu (2001) : Social Security Incentives and Human
Capital Investment, CESifo Working Paper, No. 438, Center for Economic Studies and ifo Institute
(CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/75751

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/75751
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

A joint Initiative of Ludwig-Maximilians-Universitat and Ifo Institute for Economic Research

€ESifo Working Papers

SOCIAL SECURITY INCENTIVES AND
HUMAN CAPITAL INVESTMENT

Morten |. Lau
Panu Poutvaara*

CESifo Working Paper No. 438

March 2001

CESifo

Center for Economic Studies & Ifo Institute for Economic Research
Poschingerstr. 5, 81679 Munich, Germany

Tel.: +49 (89) 9224-1410
Fax: +49 (89) 9224-1409
e-mail: office@CESifo.de

An electronic version of the paper may be downloaded
E - from the SSRN website: www.SSRN.com
- from the CESifo website: www.CESifo.de

* We are indebted for useful comments to Saku Aura, Bob Chirinko, Uli Hange, Vesa Kanniainen, Marko
Kothenblrger, Marcel Thum, Alfons Weichenrieder and seminar participants at the Center for Economic Studies in
Munich. The usual disclaimer applies. This paper was started while the second author was Visiting Fellow at
Harvard University and finished while the second author visited CES in Munich. The hospitality of both institutions
is gratefully acknowledged. We acknowledge financial support from the Danish Ministry of Trade and Industry and
from the Yrj6 Jahnsson Foundation. The views expressed here are those of the authors, and are not necessarily
shared by our employers.



CESifo Working Paper No. 438
March 2001

SOCIAL SECURITY INCENTIVES AND
HUMAN CAPITAL INVESTMENT

Abstract

While the effect of social security systems on retirement decisions
has received much attention, the impact of these systems on
individuals’ incentives to invest in their human capital has not been
analyzed. We integrate human capital investment and retirement
decisions in a simple analytical life-cycle model with full certainty and
investigate how different social security schemes may azect welfare,
human capital investment and labor supply. We analyze and
compare three different social security systems. Our results suggest
that actuarial adjustment and the link between individual social
security contributions and benefits increase human capital
investment and postpone retirement.
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1 Introduction

The decrease in old age labor force participation rates is one of the most significant labor
market trends in European countries and the United States over the last four decades; in
some countries, the labor force participation rate for men aged 60 to 64 has fallen by up to
75%. Since life expectancy has increased at the same time, explaining this secular trend by
worse health conditions is implausible. A more convincing reason suggested by Boskin (1977)
is the development in social security systems. This explanation is supported by Gruber and
Wise (1999), who find a strong correspondence in Western countries between early retirement
and social security provisions. In particular, early retirement is widespread in countries with
high implicit tax penalties on wage earnings after social security eligibility.

While the effect of social security systems on retirement decisions has received much
attention, the impact of these systems on individual incentives to invest in human capital
has not been analyzed. We integrate human capital investment and retirement decisions in a
simple analytical life-cycle model and investigate how different social security schemes may
affect welfare and the supply of labor services. Two important features of social security
systems are highlighted here: (i) actuarial adjustment, and (ii) the link between individual
social security contributions and benefits. We expect that actuarial adjustment encourages
later retirement because the present value of social security benefits is unaffected by the
retirement age, and we expect that the link between social security contributions and benefits
has a positive effect on human capital investment because the return on human capital

investment increases. Finally, the interaction between these two links is analyzed. How does



actuarial adjustment affect human capital, and how does the link between social security
contributions and benefits affect retirement behavior?

There is a trade-off between model complexity and robustness of results in dynamic life-
cycle models. For example, Nielsen and Sgrensen (1997) apply a two-period overlapping
generations model with endogenous human capital formation to analyze efficiency effects
of human capital taxation. Given a constant labor supply and a proportional tax rate on
capital income, they find that a progressive tax rate on labor income may be defended on
pure efficiency grounds — the reduced private return on human capital investment offsets the
discrimination in favor of human capital investment if labor and capital income are taxed by
the same proportional tax rate. Even in this simple model, Nielsen and Sgrensen do not get
unambiguous positive or negative results of the desirability of dual income taxation when
the supply of labor is endogenous. We assume that lifetime utility is separable in lifetime
consumption and leisure. The interest rate is normalized at zero, and we do not take stance
on the allocation of consumption over the life-cycle. This specification allows us to classify
different social security benefit systems according to human capital investment, retirement
and welfare.

Pogue and Sgontz (1977) show that social security systems may affect public invest-
ment in human capital through intergenerational transfers. They argue that the unfunded
“pay-as-you-go” social security system provides a stronger incentive for current working age
generations to invest in the human capital of younger generations compared to a fully funded

social security system. The pay-as-you-go social security system may therefore improve wel-



fare for all generations if the rate of return on human capital investment exceeds the rate
of return on financial investment in the fully funded system. We include the pay-as-you-go
system with a balanced budget. However, the interest rate is equal to zero and there is no
population growth, which implies that there is no distinction between this unfunded system
and a funded system.

We analyze and compare the effects of three different social security components on
private retirement and education decisions. Social security benefits are financed by a pro-
portional tax rate on labor income in each system, and the three components include: (i)
constant “old age benefits” paid to individuals who are older than a given entitlement age,
(ii) “uniform retirement benefits” paid to retired individuals, and (iii) “income dependent
benefits” paid to retired individuals as a proportion of wage income during a given period
before retirement. The first component is actuarially fair, since the present value of social se-
curity benefits is independent of the retirement age. The last two components do not include
any actuarial adjustment. The third component introduces a link between social security
contributions and benefits, whereas social security benefits do not depend on contributions
in the first two components.

Investment in human capital is viewed here as a private investment decision by individ-
uals. The duration of education is kept constant, but the level of human capital depends
on resources devoted by the individual to education. This representation of human capital
investment allows us to capture the tax distortion attributable to non-deductible tuition fees,

which is relevant in the United States. Education systems in Europe, on the other hand, are



mainly financed by the public sector, and the opportunity cost of human capital investment
thus mainly consists of lost after-tax wage income. Given the level of human capital, the
agent then decides how long he or she will be active in the labor market and when to retire.
A high level of human capital encourages individuals to retire later because the opportunity
cost of retirement is high.

During retirement the agent receives social security benefits according to the social se-
curity system. The results suggest that actuarial social security schemes encourage later
retirement and thus increase the incentive to invest in human capital compared to non-
actuarial schemes. We also find that a stronger correspondence between earnings history
and social security benefits increases the incentive to invest in human capital and postpones

retirement.

2 Human Capital and Retirement without Social Se-

curity

To illustrate how different social security systems may affect the supply and quality of
labor, we construct a simple life-cycle model with endogenous human capital formation and
retirement. After completing education, the agent decides how long he/she will be active in
the labor market and when to retire. In other words, the retirement age is endogenous in
the model. All agents are identical, and we analyze the optimal behavior of a representative

agent.



Human capital investment includes education obtained at universities and other institu-
tions of higher learning, as well as any courses and other training obtained elsewhere. Some
inputs have to be purchased, like tuition and books. While agents clearly decide on both
time devoted to human capital investment and inputs purchased, we restrict our attention to
inputs purchased and keep the time devoted to human capital investment constant. Includ-
ing both time and expenditures as decision variables would require assumptions concerning
how these two types of resource combine in producing human capital, a topic which is beyond
the scope of our analysis.

The time horizon for each agent is normalized at unity, and there is no uncertainty
about life expectancy or return on education. Since the duration of education is constant,
we analyze only the allocation of time between work and retirement. Perfect competition
prevails in each market, which implies that output and factor prices are given to all agents
in the model. The interest rate is normalized at zero, and there is no market for physical
capital. The homogeneous consumption good can be borrowed or lent internationally at a
zero interest rate, so we need not restrict the distribution of consumption over time. We

assume that lifetime utility U is separable in lifetime consumption and retirement:

U=U(C)+V(R), (1)

where U is a concave function of consumption C', and V' is a concave function of the duration

of retirement R. The wage rate, w, is a concave function of human capital investment H,



w = w(H). We assume that lim U'(C) = oo, lim V'(R) = oo, and lim w'(H) = oo in
C—0t+ R—0*+ H—0t
order to guarantee interior solutions.
The lifetime budget constraint states that the value of lifetime expenditures on consump-

tion and human capital investment cannot exceed lifetime income from the supply of labor

services:

(1-R)-w(H)=C+H, 2)

where (1 — R) is the duration of working life, as well as the point in time at which the
individual retires from the labor market.

The representative agent maximizes lifetime utility (1) subject to the human capital
production function and the lifetime budget constraint (2). The first-order condition with

respect to human capital is:

(1-R)-w/(H) =1,

where the left-hand side is the return on human capital investment, and the right-hand side
is the opportunity cost in terms of foregone consumption. The first-order condition with

respect to retirement is:

V'(R) = w(H) - U'(C),



where the left-hand side is the marginal utility of retirement, and the marginal cost on the
right-hand side is equal to foregone labor income times the marginal utility of consumption
goods. These two equations determine optimal choices of human capital investment and the

duration of retirement.

3 Human Capital Investment and Retirement with So-

cial Security

We use the life-cycle model to analyze steady state effects of a social security system with
three different components. Social security benefits are financed by a proportional tax rate
on labor income, and the three components include (i) constant “old age benefits” paid to
individuals who are older than a given entitlement age, (ii) “uniform retirement benefits”
paid to retired individuals, and (iii) “income dependent benefits” paid to retired individuals
as a proportion of wage income during a given period before retirement. The first component
is actuarially fair, since the present value of social security benefits is independent of the
retirement age. The last two components do not include any actuarial adjustment, and both
systems effectively subsidize retirement since they drive the private cost of retirement below
the net wage. The third component introduces a link between social security contributions
and benefits, whereas social security benefits do not depend on past contributions in the first
two components. Prices and quantities are constant in steady state because the interest rate

and the growth rate are normalized at zero. Variables do therefore not carry time indices.



3.1 Introducing Different Benefit Schemes

In the first social security system, each person is entitled to “old age benefits” at age R.
The old age benefits are constant and equal to z per unit of time, which implies that each
individual receives a lump sum lifetime social security payment of B = Rz from the govern-
ment. The social security payments are financed by a proportional tax rate on labor income,

t1, and the public budget constraint with respect to this component is:

t1(1— R)-w(H) = Rz = B. (3)

The left-hand side is equal to tax payments from current generations who work, and the
right-hand side reflects social security payments to current old generations.

The second social security system includes a uniform benefit flow, say a given monthly
benefit to retired persons. The “uniform retirement benefits” are denoted by b, and the
payments are financed by a proportional tax rate on labor income, t5. In this case, the

public budget constraint is:

to(1 — R) - w(H) = Rb.

Again, the left-hand side is equal to tax payments from current generations who work, and
the right-hand side is equal to social security payments to current old generations.

Finally, we introduce a social security system in which benefits depend on wage income



during a given period before retirement. In particular, social security benefits are determined
as a proportion, p, of wage income during a period, n, before retirement.! Defining z = np,

social security benefits for individual ¢ are determined by:

where z is an exogenous fraction of wage rate. The “income dependent benefits” are financed

by a proportional tax rate, t3, on labor income, and the public budget constraint is given

by:

ts3(1—R)-w(H) = Rz - w(H),

where the left-hand side is equal to tax payments from individuals who work. All individuals
are identical in the model, and the right-hand side is equal to aggregate social security
payments to retired generations.

Combining the three social security systems, the budget constraint for the representative

agent is:

All the three systems that we analyze introduce some form of distortion in the economic

!Since the wage rate is constant in the model, the length of the period is not important for the results,
unless the period is sufficiently long to postpone retirement.



decision making. A system with perfect correspondence between an individual’s own so-
cial security tax payments and benefits received would in our framework only replicate the

solution without social security.

3.2 Incentive Effects of Social Security

The representative agent maximizes lifetime utility (1) subject to the lifetime budget con-

straint (4). The first-order condition with respect to human capital investment is:

[(1—t1—t2—t3)(1—R)w/—i—me’—l]U/:O,

and the first-order condition with respect to retirement is:

[—(1—t1—t2—t3)w—i—b—i—mw]U/—l—V/: .

The first-order condition with respect to human capital investment simplifies to:

(1—t1—t2—t3)(1—R)'LU/+R.'13U)/2L

where the left-hand side is the return on human capital investment and the right-hand side
is the opportunity cost in terms of foregone consumption. The second term on the left-
hand side measures the return on human capital investment through its effects on social

security benefits. Social security taxes decrease the return on human capital investment,

10



whereas income dependent retirement benefits partially offset this decrease.? The first-order

condition with respect to retirement can be written as:

V,:[(1—t1—tg—tg)"(l)—b—l"’w]U,,

where the left-hand side is the marginal utility of retirement, and the marginal cost on the
right-hand side is equal to the net income loss due to retirement times the marginal utility
of consumption goods. Note that social security taxes, “uniform retirement benefits” and
“income dependent benefits” decrease the marginal cost of retirement.

Using Cramer’s rule, we analyze and compare the three different social security compo-
nents with respect to private retirement and education decisions. The results are derived in

Appendix A and can be summarized as:

Proposition 1 An increase in the tax rate to finance any component of the social security

system discourages human capital investment and encourages early retirement.

Proposition 2 Increasing the share of “uniform retirement benefits” at the expense of ei-
ther constant “old age benefits” or “income dependent benefits” discourages human capital

investment and encourages early retirement.

The social security system affects human capital investment in two ways. First, it may

change the return on human capital investment at any given retirement age. The system in

21t is useful to contrast our results with Heckman (1976). Heckman assumes that the demand for leisure
is constant and the opportunity cost of human capital investment is equal to foregone labor income. With
those assumptions, labor income taxes are non-distortionary.

11



which social security benefits depend on wage income before retirement encourages human
capital investment compared to systems without the link. Second, the social security system
may indirectly affect human capital investment through the impact on retirement age, which
affects the amortization period of human capital investment. We find that actuarial adjust-
ment has a positive effect on human capital investment, because it postpones retirement.
Hence, replacing “income dependent benefits” or constant “old age benefits” with “uniform
retirement benefits” discourages human capital investment.

Retirement decisions are also affected in two ways by the social security system. First,
social security benefits lower the private opportunity cost of retirement. The private op-
portunity cost of retirement is reduced by the retirement benefit in the two non-actuarial
social security systems compared to the actuarial system. Replacing “old age benefits” with
“uniform retirement benefits” thus encourages early retirement. Second, the social security
system indirectly affects the retirement age through human capital investment, since the level
of human capital affects individual productivity. Increasing the share of “uniform retirement
benefits” compared to “income dependent benefits” therefore encourages early retirement.

It is not possible to say anything decisive about education and retirement decisions across
the “old age benefit” and “income dependent benefit” components. We relegate this issue
to the next section, where we restrict the lifetime utility function to be of the Cobb-Douglas

variety.
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4 Special Case: Cobb-Douglas Utility Specification

4.1 Incentive Effects of Social Security

We apply next a Cobb-Douglas specification of the utility function and assume that each

agent maximizes:

U = In(C) + BIn(R), (5)

where 3 > 0 is the relative weight of utility from retirement. The individual stock of human
capital is determined by H*, where 0 < a < 1. The marginal productivity of human capital
investment is thus diminishing, which implies that human capital investment is strictly
positive and bounded. The representative individual maximizes lifetime utility, (5) subject

to the lifetime budget constraint:

(l—tl—tg—tg)(l—R>'HQ+B+Rb+R£E"H&:C+H. (6)

The first term on the left-hand side is lifetime wage income after tax, the second term is the
sum of old age benefits, the third term is the sum of uniform retirement benefits, and the
fourth term is the sum of income dependent benefits. Solving the individual maximization

problem, we find that the first-order conditions with respect to human capital investment

13



and retirement simplify to

O[(l —tl —tg —tg)(l —tl —tg) ﬁ

H=10T07580 o —6-n)]

bttt B —a(l -t — b))
1=t 4+ B -l -t —ty))

(8)

These two equations allow us to compare incentive effects across “old age benefit” and
“income dependent benefit” components. The results are derived in Appendix B, and they

show:

Proposition 3 Increasing the share of “income dependent benefits” at the expense of “old

age benefits” increases human capital investment and leads to earlier retirement.

This proposition suggests that the link between social security contributions and ben-
efits is more important than the actuarial link with respect to human capital investment,
whereas actuarial adjustment is more important with respect to retirement decisions. The
intuitive explanation is that first-order effects (the effect of linking benefits to wage level
on human capital investment and the effect of actuarial adjustment on retirement age) are
more important than second-order effects (the effect of retirement decision on human capital
investment and the effect of human capital investment on retirement decision).

Using a Cobb-Douglas representation of the lifetime utility function, the results of propo-

sitions 2 and 3 can be summarized as:

14



Proposition 4 Measured by human capital investment, the descending order of the three
social security systems is: income dependent benefits, old age benefits and uniform retirement
benefits. Measured by the retirement age, the descending order is: old age benefits, income

dependent benefits and uniform retirement benefits.

The ranking of the three systems with respect to human capital investment and retirement

age are illustrated in Figures 1 and 2. In these examples, we set a = § = 0.5.

FIGURES 1 AND 2

Figures 1 and 2 suggest that the differences between human capital investment and

retirement age are magnified when the social security tax rate increases.

4.2 Welfare Effects of Social Security

Finally, we compare welfare across the three social security systems. Using the lifetime utility
function (5), we can calculate the level of utility with three social security systems of only
one component and without social security. Private consumption is equal to (1— R)H*— H,
since the value of social security benefits is equal to social security contributions in the steady

state equilibrium. The lifetime utility function thus simplifies to:

U=In((1-R)H"— H) + BIn(R). (9)

15



The utility of any given social security system is subsequently derived by substituting the
expressions for H and R into the utility function (Appendix C provides a comparison of

utility across the three different social security systems). The results can be summarized as:

Proposition 5 Given the social security tax rate, uniform retirement benefits lead to lower
utility than old age benefits and income dependent benefits. Depending on parameter values,
old age benefits may lead to either lower or higher utility than income dependent benefits. In

any of these systems, the utility level is decreasing with respect to the tax rate.

This proposition suggests that welfare is improved by both actuarial adjustment and
by the link between earnings history and social security benefits. The relative importance
of these two links depends on parameter values. In Figure 3, a« = § = 0.5, and “old age
benefits” lead to higher utility than “income dependent benefits” when tax rates are not
extremely high. In Figure 4, o = 0.5 and g = 1.5, and “income dependent benefits” lead to
higher utility than “old age benefits”. Furthermore, the crossing of utility curves associated
with “old age benefits” and “income dependent benefits” in Figure 3 illustrates that the

order of these systems may depend on the level of taxation.

FIGURES 3 AND 4

A caveat to be remembered in the interpretation of our welfare results is that they

capture only distortions associated with incentive effects of social security, without including

16



any potential benefits from these systems.?

5 Conclusions and Implications

We have analyzed the interaction between social security rules, human capital investment,
and the timing of retirement. Our results highlight two important links in social security
systems: (i) actuarial adjustment and (ii) the link between contributions made and benefits
received. We find that actuarially adjusted systems lead to later retirement than systems
with a weaker actuarial adjustment. This corresponds to the empirical finding by Borsch-
Supan (2000), who suggests that retirement before age 60 would be reduced by more than
a third if the German social security system were reformed and made actuarially fair. We
also find that the link between benefits and contributions encourages human capital invest-
ment. The results stress the importance of incentives embedded in social security rules, since
distortions arise even when agents are identical and there is no redistribution in equilibrium.

The results highlight the efficiency and welfare gains that may be available through a
better planning of social security rules. However, our framework does not include uncertainty:.
The public finance literature identifies several ways in which redistribution may improve
welfare and efficiency when uncertainty is present. For example, Eaton and Rosen (1980)
show that proportional income taxation may produce efficiency gains if the return on human

capital investment is uncertain, since redistributive taxation serves as a substitute for the

3Since our model can be solved only partially with a specification in which the wage rate contains a
random term, we do not report the results here. Diamond and Mirrlees (1986) analyze the optimal structure
of social security benefits with exogenous productivity and disability risk.
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missing private market for income insurance. Diamond and Mirrlees (1986), on the other
hand, analyze the optimal relationship between retirement age and retirement benefits, when
workers with exogenous productivity face uncertainty about the length of their working lives.
Since the government is not able to verify disability, workers are compensated for disutility
of work through higher consumption compared to retirees. Diamond and Mirrlees argue
that optimal benefits rise with the age of retirement because this increases the incentive
to continue working for people who are able to work. However, actuarial adjustment is
incomplete because redistribution for the disabled is a desired part of insurance. Finally,
Sinn (1997) suggests that the private insurance market for career risk does not exist because
of an adverse selection problem. When agents have private knowledge, any provider of
voluntary income redistribution contracts would suffer from adverse selection. Redistributive
taxation may therefore be used as a substitute for the missing private insurance market. An
optimal social security system should balance these benefits of redistribution against the

costs outlined in our study.
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Appendix A. Proofs of Propositions 1 and 2

To analyze incentive effects of different social security systems on human capital invest-
ment and retirement, we totally differentiate the system of the two first-order conditions
with respect to the unknown individual decision variables H and R and social security tax
rates t1, ta, and t3. The social security parameters B,b and = are taken as given when we
differentiate with respect to individual decision variables, whereas they are treated as en-
dogenous when we differentiate with respect to tax rates (for details, see Poutvaara (2000)).

The system of two equations with two unknown variables is represented in matrix form by:

dty
An A dH Xu X2 Xug
= dt, | » where
An Ax dR Xo1 Xoo Xos
dts

Ay = [1—ti—ty—t3)(1 = R)-w" + Rx - w"|U’
Ap = A =[-(1—-t1—ty—t3)-w +z-w|U
Ay = [-1-ti—ta—t3) w+b+az wU +V"
X1 = (1—-R)-w'U

X12 = (1 —R) 'U)IU/

X13 = O
X21 = —U)U/

Xp = =l
2 = R w
Xy = —= wll
23 = R w



An agent works only if the net wage exceeds potential social security benefits. Therefore,

it must hold that:

(1—t1—t2—t3)-w>b—l—m-w,

which implies that A5 = Ay < 0. It is easy to check that an increase in the tax rate to
finance any component of the social security system discourages human capital investment
and encourages early retirement. Denote D = A1 Ay — A12As;. This determinant is positive,
as H and R are chosen to maximize individual utility. For human capital investment, it

always holds that:

Xli A12

dH X2i A22

i, D <0,

where X1;A50 < 0 and —X5;A15 < 0, Vi € {1,2,3}. For retirement, it always holds that:

All Xli

dR A12 X2i

=L 159
dt; D ’

where Ay X9 > 0 and —A12Xy; > 0, Vi € {1,2,3}. These two equations prove proposition

1.
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We next calculate the effects of changing two tax rates simultaneously such that the total

tax burden does not change. The effect of increasing ¢; at the expense of ¢ is given by:

| dh 2=t = D

dH dH (1—1) wU' Ay

which is positive, since (1 — %) < 0and Ay < 0. It is also straightforward to show that:

dH dH (1=R)-w'U As
T, = 0
a, = D <5
d_tl + d_t2 |t2:7t1— D <0
and
dR dR  —(1-R)-w'UAn
i, T, e D >0

However, it is not possible to order constant “old age benefits” and “uniform retirement
benefits” according to the effect on human capital investment and retirement, because the

signs of

dH  dH (1= R) - wU' Ay + (1 — L) - wU' Ay

ai o = D

22



and

dR  dR (5 —1)-wlU'Ay — (1—R)-wU' Ay

— 4 =
dt; | dts 5=t D

are unclear.
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Appendix B. Retirement and Human Capital Across Benefit Schemes
Maximizing the Cobb-Douglas specification of lifetime utility (5) subject to the lifetime
budget constraint (6) yields the following the first-order conditions:

(1 — tl — tg — tg)(l — R)OéHa_l + ROéHa_liL‘ -1
C

~0, (B1)

—<1—t1—t2—t3)HQ+b+HQ$
C

B _
+ =0 (B2)

The public budget constraint for the “old age benefits” component is B = ¢;(1 — R)H®, that

for “uniform retirement benefits” is b = tgl;RRH @, and that for “income dependent benefits”

is x = t337E. When we substitute these expressions into (B1) and (B2), we obtain:

(1—t; —t)(1 — R)aH* ' —1=0, (B3)

—(1—=t))RH* +toH* + tsH* + ((1 — R)H* — H) = 0. (B4)

(B3) and (B4) yield (7) and (8). We differentiate (7) and (8) with respect to ¢; and t3 such

that dts = —dt;. These derivations reveal that Z—g |dts=—at, < 0; and % |dts=—at, < O.
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Appendix C. Utility Comparisons

The level of utility from each different social security system can be found by substituting
the associated levels of H and R into (9). To see how the social security systems compare
to each other, we differentiate the utility difference between the systems with respect to t.
The derivative of the utility difference between “old age benefits” and “uniform retirement

benefits” is:

(—1+a—at)+ (—(1 - )3 —a)+ (a?t — 2at))3

+(=2(1 — a)? = 2at(1 — @)
t > 0. (C1)

—(I—a+at)(t+ 0 —pa+ Pat) (1 —a) x

(1—-t+ 03— pa+ pat) (14 8 — pa+ fat)

Since (C1) is positive, “old age benefits” lead to higher utility than “uniform retirement
benefits.”
The derivative of the utility difference between “income dependent benefits” and ”uniform

retirement benefits” is:

(—t — 28+ 20a —tp)

+(—26% 4 38%a — f*at — [*a? + [*a’t)
Bat > 0,

—(t+ B8 = Pa) (t+ 5 — Pa+ Bat) x

(1—-a)(1+6—pa+ pat)
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which is positive.*
The derivative of the utility difference between “old age benefits” and “income dependent

benefits” is:

(—14+a—at+1)
+(=2 + 2t + 5a — 3a® — Hat + 4a’t — o*t? + at?)3

+(3a — 502 + 50t + 2a% — 303t — 2at — o*? + o3t?) 3?

(- —ata)(1—t+3—Batfad)(t+B—Fa) <"

AIV

Evaluating this at t close to zero, we see that the denominator is positive for « = 0.5, =1
and negative for « = 0.5, = 1.5. Either system may therefore dominate, depending on

values for «, 8 and t.

“The first term in the nominator is negative. The second term is negative because it increases with a,
and it is equal to zero when « is equal to one. However, « is positive and less than one.
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Figure 1. Social Security and Human Capital Investment
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Figure 2. Social Security and Retirement
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Figure 3. Social security and utility (alpha=0.5; beta=0.5)
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Figure 4. Social security and utility (alpha=0.5; beta=1.5)
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