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ABSTRACT

This paper studies the role of endogenous human capital accumulation in evaluating tax and Social
Security policies. It considers two overlapping generations environments with borrowing constraints:
one with exogenous human capital and a second with human capital accumulation through time
investment. Baseline environments are calibrated to the U.S. tax and Social Security system. This
paper analyzes two alternative Social Security systems: (a) voluntary and (b) mandatory retirement
savings accounts. The paper �nds that the welfare ranking of these alternatives depends on the en-
dogeneity of human capital investment. Both systems are welfare improving when compared to the
baseline. However, the system with mandatory (voluntary) accounts leads to lower welfare gains
in the endogenous (exogenous) human capital environment. This di¤erence is due to young indi-
viduals (i) switching time allocation towards human capital accumulation and (ii) being borrowing
constrained under mandatory savings in the endogenous environment.
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1. Introduction
Labor productivity over an individual�s life-cycle is modelled in a number of ways. One

strand of literature calibrates the life-cycle pro�le to match the observed earnings pro�le. This

approach is widely used in empirical macroeconomics literature. Example of these papers are

Auerbach and Kotliko¤ (1987), DeNardi et al. (1999), and Kotliko¤ et al. (1999). In

the empirical public �nance literature, an individual�s schooling or labor force participation

decisions determine the evolution of labor productivity over the life-cycle. For example, Imai

and Keane (2004) show the importance of human capital accumulation in estimating the

intertemporal elasticity of labor supply. This paper studies the importance of human capital

accumulation decisions in evaluating tax and social security policies.

I analyze two retirement systems alternative to the Pay-As-You-Go (PAYG) social

security system. Welfare ranking of these alternatives depends on the endogeneity of human

capital accumulation. To evaluate the role of human capital investment, I set up two baseline

environments that di¤er by evolution of labor productivity over an agent�s life-cycle. In

the environment with exogenous human capital, the labor productivity is exogenously given.

In the environment with endogenous human capital, an agent chooses the amount of time

allocated to human capital accumulation. In both environments, labor supply is elastic,

the retirement decision is exogenous, and negative asset holdings are not permitted. These

baseline environments incorporate the stylized version of the U.S. tax and social security

system.

There is concern over the �nancial solvency of the current PAYG system due to de-

mographic changes. A number of reforms have been proposed. These proposals stress the

e¤ect of reforms on savings and output. I evaluate two alternative retirement arrangements

and consider the welfare e¤ects as well. Under the �rst alternative, the PAYG social secu-

rity system is removed and the labor income tax is reduced for the portion used to �nance

social security bene�ts. Within this alternative, agents �nance their consumption during the

retirement years through their own savings. These savings are accumulated on the Voluntary

Retirement Savings Accounts (RSA). The second retirement system does not have the PAYG

system, and agents are required to contribute a �xed portion of their labor income toward

tax-deferred retirement accounts. These accounts are called Mandatory Retirement Savings



Accounts.

Under both alternatives, output and savings are higher than in the baseline. However,

there are di¤erent welfare implications. Both systems are welfare improving when compared

to the baseline. However, the system with Voluntary RSA leads to higher welfare gains in the

environment with endogenous human capital investment. These welfare gains are measured

by life-time consumption equivalents in comparison to the baseline. On the contrary, the

arrangements with Mandatory RSA are the preferred ones in the environment with exogenous

human capital. This di¤erence is due to young individuals (i) switching time allocation

towards human capital accumulation and (ii) being borrowing constrained under mandatory

savings in the endogenous environment.

This paper builds on the quantitative tradition of evaluating tax and social security

policies in an overlapping generations (OG) framework started by Auerbach and Kotliko¤

(1987). I also incorporate the human capital investment technology proposed by Ben-Porath

(1967). The papers closest to my work are Davies andWhalley (1991), Heckman et al. (1999),

and Alvarez-Albelo (2004). This paper di¤ers from Davies and Whalley (1991) and Heckman

et al. (1999) in two dimensions. First, I consider an elastic labor supply. As a result, time

reallocation among di¤erent activities has important welfare implications. Second, I study

di¤erent sets of tax and social security policies. In my models, time investment is an input into

human capital accumulation while Alvarez-Albelo (2004) studies human capital enhancement

through learning-by-doing, i.e., participation in the market production enhances the human

capital from tomorrow on. One of the experiments in Alvarez-Albelo (2004) closely resembles

the Voluntary RSA studied in this paper. However, Alvarez-Albelo (2004) does not perform

welfare analysis. The environment with exogenous human capital is motivated by and is

comparable to DeNardi et al. (1999) and Kotliko¤ et al. (1999).

The paper is organized as follows. In section 2, I construct two baseline OG models

with exogenous and endogenous human capital decisions. These models incorporate the

stylized version of the U.S. tax and social security system. Section 3 discusses the alternative

retirement arrangements and welfare implications of each. Section 4 discusses conclusions

and extensions for the future research.
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2. Baseline Overlapping Generations Models
To quantify the e¤ects of di¤erent social security arrangements on savings and wel-

fare, I consider two general equilibrium models with OG structure. Common features be-

tween these two economies are the �nite and certain life-span of agents, the Cobb-Douglas

production technology, and the set of government policies. The agents allocate their time

endowment among leisure, market production, and time investment into human capital accu-

mulation. These models di¤er by the evolution of the human capital pro�le over the agents�

life-cycle and time allocation decisions. In the �rst model, the agents�time allocation de-

cisions, in particular, the time investment into human capital enhancement, determine the

evolution of the human capital and, consequently, the wage income pro�les over the life-cycle.

This model is called the model with endogenous human capital. The second model has an

exogenous age-speci�c labor productivity pro�le and is called the economy with exogenous

human capital. The traditional macroeconomics policy literature studies the model of this

type.

I initially describe the model with endogenous human capital accumulation decision.

Then, I explain the features of the model with exogenous human capital.

2.1. Model with Endogenous Human Capital

I start with a description of the demographic structure and preferences. The economy

has overlapping generations of agents who live for J adult periods, with ages denoted by

j 2 = � f0; :::; J � 1g. The agents� life-spans are certain. In the �rst time period, the

measure of newly born agents is normalized to 1. The population is constant, and the total

population size is J .

A young agent born at period t is endowed with initial levels of physical and human

capitals, stt and htt respectively
1. Each period agents are endowed with one unit of time

that can be allocated to leisure, production activities in the market sector, or investment into

human capital accumulation. Let
n
ctt+j; l

t
m;t+j; l

t
h;t+j

o
denote consumption, market hours, and

investment hours, respectively, of an agent born at period t (superscript) and at time period

1Notational convention for an agent�s variables is as follows. The superscript denotes a period when an
agent is born, and the subscript is a time period when an allocation takes place. Hence, an agent�s age is
given by the di¤erence between the subscript and the superscript.
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t+ j (subscript). The preferences of a young agent born at period t are ordered by

J�1X
j=0

�ju(ctt+j; 1� ltm;t+j � lth;t+j);(1)

where � is a time preference parameter. Each agent chooses sequences of consumption, market

hours, and investment hours to maximize the discounted value of life-time utility subject to

its budget constraint,

(1 + � c) c
t
t+j + stt+1+j � (1� � l)wt+jh

t
t+jl

t
m;t+j + (1 + (1� � k) rt+j)s

t
t+j + dtt+j:(2)

This constraint must be balanced at each age of the agent�s life, i.e., for any j 2 =. The agent�s

expenditures on consumption and savings in the form of physical capital, stt+1+j, must be less

or equal to the after-tax income.

The agent born at period t and of age j receives labor income wt+jhtt+jl
t
m;t+j, where

wt+j is the real wage per e¢ cient unit of labor in terms of the consumption good at period

t + j. The agent�s labor productivity at age j depends on the stock of human capital htt+j,

which is determined by the undepreciated human capital from the last period and the new

human capital accumulation during the last period:

htt+j = (1� �h)h
t
t+j�1 +Q(htt+j�1; l

t
h;t+j�1):(3)

The creation of new human capital depends on its existing level and investment hours and

is determined by the function Q(h; lh). The Q function is increasing in both arguments and

has decreasing returns to scale. The agent�s savings earn capital income at the real rate of

return rt+j. Agents are restricted to have strictly positive amount of savings at all ages

stt+j � 0:(4)

Agents pay taxes on consumption at rate � c, labor income at rate � l, and capital income net

of depreciation at rate � k.

The government transfers to the agent born at t and of age j are denoted by dtt+j.

These transfers consist of two components: a lump-sum transfer for agents of all ages, f tt+j,

and social security bene�ts to retirees, btt+j,

dtt+j =

8><>: f tt+j; j = 0; J � 1;

f tt+j + btt+j; j = J; J � 1:
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Agents are entitled to retirement bene�ts starting with age J . The amount of social

security bene�ts is the fraction of the average labor income during working periods. This

fraction is called a replacement rate, �. social security bene�ts of the individual born at

period t are calculated as

btt+j = �

PJ�1
i=0 wt+ih

t
t+il

t
m;t+i

J
; j = J; J � 1:

The government�s budget is balanced every period. The government levies taxes on

consumption, labor income, and capital income and uses tax revenue to purchase a wasteful

public good, G, and provide two types of transfers. Then, the government�s budget constraint

at period t is

Gt +
J�1X
j=0

f t�jt +
J�1X
j=J

bt�jt =
J�1X
j=0

�
� cc

t�j
t + � lwth

t�j
t lt�jm;t + � krts

t�j
t

�
:

At period t, �rms hire capital, Kt, and labor, Lt, to produce output with a constant

returns-to-scale production technology,

Yt = AK�
t L

1��
t ;

where A is total factor productivity. The aggregate inputs are determined as

Kt =
J�1X
j=0

st�jt ;

Lt =
J�1X
j=0

ht�jt lt�jm;t :

The aggregate feasibility constraint at period t is

J�1X
j=0

ct�jt +Kt+1 +Gt = AK�
t L

1��
t + (1� �k)Kt:(5)

Definition 1. A competitive equilibrium is factor prices, (wt; rt); aggregate allocations,

(Kt; Lt); individual allocations,
�n
ctt+j; s

t
t+1+j; l

t
m;t+j; l

t
h;t+j; h

t
t+j

o
j2=

�
for any generation born

at t 2 [1;1); and government policies, (� c; � l; � k; �;Gt; Ft), for any period t 2 [1;1) such

that the following holds: (1) given factor prices and government policies, individual alloca-

tions,
�n
ctt+j; s

t
t+1+j; l

t
m;t+j; l

t
h;t+j; h

t
t+j

o
j2=

�
, maximize (1) subject to (2)-(4) for each genera-
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tion t; (2) factor inputs are paid the marginal products for any period t :

wt = (1� �)AK�
t L

��
t ;

rt = �AK��1
t L1��t � �k;

(3) government�s budget is balanced every period; and (4) aggregate and individual allocations

satisfy market clearing conditions for any period t.

2.2. Model with Exogenous Human Capital

This model is motivated by the macroeconomics literature that studies OG models

with life-cycle labor productivity being exogenously given. To make comparisons to this

literature, I modify the model from the previous subsection in the following way. The life-

cycle pro�les of human capital and investment hours are exogenously �xed at the level of the

solution for the model with endogenous human capital under the baseline calibration.

The demographic structure, production technology, the set of government policies,

and market clearing conditions of this economy are the same as the one in the model with

endogenous human capital decisions. The di¤erence between the two models is in the agents�

decisions. Let
�n
lh;j; hj

o
j2=

�
be a �xed life-cycle pro�les of investment hours and human

capital stock. Introducing a �xed life-cycle pro�le of investment hours is equivalent to chang-

ing the time endowment over the life-cycle. Consequently, the time endowment for each agent

is
�n
1� lh;j

o
j2=

�
. The preferences of a young agent born at period t are ordered by

J�1X
j=0

�ju(ctt+j; 1� ltm;t+j � lh;j):(6)

Each agent chooses a sequence of consumption and market hours to maximize a discounted

value of life-time utility subject to the budget constraint,

(1 + � c) c
t
t+j + stt+1+j � (1� � l)wt+jhjl

t
m;t+j + (1 + (1� � k) rt+j)s

t
t+j + dtt+j:(7)

This constraint must be balanced every period of an agent�s life, i.e., for any j 2 =. An agent�s

labor productivity over the life-cycle is predetermined by the pro�le of human capital. This

human capital pro�le is frequently called the e¢ ciency units pro�le2. The agents are restricted

2Examples are Rios-Rull (1996) and DeNardi et al. (1999).
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to have positive physical capital asset holdings during all ages,

stt+j � 0:(8)

Taxes levied on the agents�income and expenditures and transfer system are the same

as in the model with endogenous human capital accumulation. The government�s budget

constraint and market clearing conditions are as in the model with endogenous human capital

accumulation.

Definition 2. A competitive equilibrium is factor prices, (wt; rt); aggregate allocations,

(Kt; Lt); individual allocations,
�n
ctt+j; s

t
t+1+j; l

t
m;t+j

o
j2=

�
for any generation born at t 2

[1;1); pro�les of investment hours and human capital stock
�n
lh;j; hj

o
j2=

�
; and government

policies, (� c; � l; � k; �;Gt; Ft), for any period t 2 [1;1) such that the following holds: (1)

given factor prices, government policies, and pro�les
�n
lh;j; hj

o
j2=

�
, individual allocations,�n

ctt+j; s
t
t+1+j; l

t
m;t+j

o
j2=

�
, maximize (6) subject to (7) and (8) for each generation t; (2)

factor inputs are paid the marginal products for any period t :

wt = (1� �)AK�
t L

��
t ;

rt = �AK��1
t L1��t � �k;

(3) government�s budget is balanced every period; and (4) aggregate and individual allocations

satisfy market clearing conditions for any period t.

2.3. Calibration of the Baseline OG Models

I calibrate the baseline economies to the U.S. tax and social security system. The

calibration year is 2000. Parameters of demographics, preferences, and technology are the

same between the economies with exogenous and endogenous human capital. The parameters

of human capital production technology in the economy with endogenous human capital are

calibrated to the life-cycle earnings pro�le. Appendix C provides details on data sources and

calculation procedures for all parameters. The parameter values are summarized in Table 1.
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A. Parameters for both economies

The demographic structure of the economy is calibrated as follows. Agents enter the

economy at age 20, retire at age 65, and die at age 80. Each model period corresponds to

5 years. Hence, the agents are working during the �rst nine model periods and are retired

during the last three model periods. In this section, I report all parameters in annual terms

and adjust these parameters accordingly in computations.

The time preference parameter � is calibrated to match the after-tax interest rate of

4.0 percent per year. I assume that the agents��ow utility functions are

u(c; 1� lm � lh) = log c+ � log(1� lm � lh);

where � is chosen to match average weekly hours of the population of ages between 20 and

64. Based on Census data, average hours for working age population is 29 hours per week.

The calibration of production technology is standard. Capital income share, �, is set

to 0:333. Depreciation of physical capital, �k, is calibrated to match the investment share in

GDP. This investment share is equal to 16.9% of GDP in 2000. The resulting depreciation

rate is 7.5% and is comparable to the estimates in the literature.

Average e¤ective tax rates are calibrated using the methodology of Mendoza et al.

(1994) and are reported in Table 1. The share of government expenditures in output, g,

is set to match the corresponding value in NIPA. In 2000, the government consumption

expenditures are 14.44 percent of GDP. The replacement rate for social security bene�ts,

�, is calibrated to match the bene�t payments from the Old-Age and Survivors Insurance

(OASI) Fund. In the calibration year, OASI bene�t payments are equal to 4.23 percent of

GDP and the resulting replacement rate is � = :195.

B. Parameters of human capital production technology

I assume the following law of motion for human capital:

hj+1 = (1� �h)hj +Bh
 1
j l

 2
h;j;

where the conditions B; 1;  2 � 0 and  1+ 2 � 1 guarantee the decreasing returns to scale.

Hence, the life-cycle pro�le of time investment into human capital is time-independent.
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I have to choose �ve parameters for the human capital production technology: initial

stock of human capital, h0; the depreciation rate of human capital, �h; productivity of human

capital accumulation, B; weight of human capital stock in new accumulation,  1; and weight

of time investment,  2. I calibrate these parameters to match the life-cycle earnings pro�le,

which is constructed using 2000 decennial Census data. I divide the population of ages

between 20 and 64 into nine age groups; j 2 f0; :::; 8g. The size of the working age population

is denoted by Nt. The measure of earnings is the hourly wage rate, denoted by ej; j 2

f0; :::; 8g. The average wage rate for the working population, e, is $17.24 per hour. This

average rate for the working population is calculated using the size of each age group, nj(t):

e =

P8
j=0 nj(t)ej

Nt

:

To express the wage earnings pro�le in units comparable to the model, I report the

average hourly wage for an age group j as the ratio to the average hourly wage of the working

population: "j = ej=e; j = 0; :::; 8.

Equivalently, the wage rate in the model is wthj and the average wage for the working

population is

wh =

P8
j=0wthj

J
:

I choose parameters of the human capital production function to minimize the distance

between the model and data wage hour pro�les:

min
(h0;�h;B; 1; 2)

8X
j=0

 
whj

wh
� ej

e

!2
:

The chosen parameters are reported in Table 1.

2.4. Stationary Equilibrium in both Baseline Environments

Given calibrated parameters, I solve for a stationary equilibrium in the economy with

endogenous human capital. The procedure for the numerical algorithm is described in Ap-

pendix 5.2. Equilibrium life-cycle pro�les of investment hours and human capital are given in

Figure 1. Time investment into human capital accumulation is the highest at the beginning

of life and exhibits steady decline. I refer to this time investment as investment hours. Hours

devoted to market production activities are called market hours. The sum of these two types
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of time usage are called total production hours. The life-cycle pro�le of investment hours and

technology for human capital production determine the life-cycle labor productivity. Under

the baseline calibration, an individual reaches a peak in labor productivity between ages 45

and 49.

Let
�n
l�h;j; h

�
j

o
j2=

�
denote equilibrium life-cycle pro�les of investment hours and hu-

man capital in the environment with endogenous human capital.

Proposition 1. If
n
lh;j
o
j2=

=
n
l�h;j
o
j2=

and
n
hj
o
j2=

=
n
h�j
o
j2=
, a stationary equilibrium

in the environment with exogenous human capital is identical to the one in the environment

with endogenous human capital under baseline calibrated parameters.

Proof. The method of the proof is to compare equilibrium conditions in the two environ-

ments. These conditions are derived in the Appendix 5.1. QED

Under the baseline calibration, the equilibria in the two environments are the same

both on the aggregate and individual level. The values for various aggregate variables in the

baseline environments are given in the second column of Table 3. With a calibrated after-tax

interest rate of 4%, the resulting capital-to-output ratio is 2.44. In both environments, agents

of working age devote on average 29 hours per week for market production activities.

3. Alternative Retirement Arrangements
I consider two alternative arrangements. First, I analyze an elimination of social se-

curity bene�ts with a corresponding reduction in labor income tax used to �nance these

bene�ts. This type of reform is analyzed by Kotliko¤ et al. (1999) and DeNardi et al. (1999)

in an OG model with life-cycle labor productivity exogenously speci�ed. Due to the pre-

cautionary life-cycle saving motive, the agents choose to accumulate assets to �nance their

retirement. I call this arrangement as Voluntary Retirement Savings Accounts. For assets on

this accounts, the return net of depreciation is subject to capital income taxation. Second,

I consider a retirement arrangement without social security bene�ts and with Mandatory

Retirement Savings Accounts. Many countries have introduced this retirement system, ex-

amples of which are Australia, Chile, and Mexico. Under this system, agents are required to

contribute a �xed portion of their income to Mandatory RSA. Contributions to Mandatory
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RSA are tax-deferred. Within the environment with exogenous human capital, I compare

a stationary equilibrium under the alternative retirement arrangements to the baseline one.

The same comparison is conducted within the environment with endogenous human capital.

3.1. Arrangements with Voluntary Retirement Savings Accounts

Under this retirement arrangement, social security bene�ts are eliminated and the

labor income tax is reduced to keep lump-sum transfers the same as in the baseline environ-

ment with endogenous human capital. In both environments, the labor income tax is reduced

from 27% to 21.09%, whereas tax rates on consumption and capital income and government

expenditures as a share of output are kept at the level of the baseline environments. The

numerical algorithm of solving for a stationary equilibrium under this alternative is the same

as in the baseline.

The welfare gains of replacing PAYG social security system with Voluntary Retirement

Savings Accounts are reported in Table 2. I measure the welfare gains by life-time consump-

tion equivalents. This measure determines the percentage increase in the agent�s life-time

consumption in the baseline environment needed to make her or him indi¤erent to the alter-

native retirement arrangements. Within the environment with exogenous human capital, an

agent�s life-time consumption in the baseline economy must be increased by 7.81% to make

her or him indi¤erent to the policy considered. This measure takes into account the di¤erence

in labor supply between two economies. The welfare gains come from the reduction in the

distortionary labor income tax.

Environment with exogenous human capital All comparisons in this section are be-

tween the economy with Voluntary RSA and the baseline one. To understand the welfare

gains, we need to study the reasons behind the increase in the agents� consumption. An

individual has three sources of income: labor and capital income and lump-sum transfers

from the government. The lump-sum transfers are held the same between the two economies.

Both labor and capital incomes are higher in the absence of the PAYG social security system.

To analyze this income increase, let us consider the change in wage and interest rates. The

factor prices are determined by the stocks of physical capital and labor supply. Because the

agents save for their retirement on their own, the amount of savings under the Voluntary
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RSA is 16.31% higher. Labor supply is determined by the product of human capital stock

and market hours. In the environment with exogenous human capital, the human capital

stock is kept �xed and the agents devote more hours to market production, on average 1.62

hours per week more. The capital-to-labor ratio is higher. Consequently, the wage rate is

higher by 3.69%, and the interest rate is slightly lower by 0.49 percentage points when the

individuals provide for their retirement without public assistance. Even with a slightly lower

interest rate, the capital income is higher due to the higher stock of savings, as reported in

Figure 5.

The retirement arrangements a¤ect the agents� time allocation throughout the life-

cycle. Figure 3 shows time allocation among market production activities, time investment

into human capital accumulation, and total production hours. The time endowment is nor-

malized to 100 hours per week. The leisure consumed by the agents is the di¤erence between

the time endowment and total production hours. The di¤erence in time allocation between

the economy with Voluntary RSA and the baseline one is presented in Figure 4. In the envi-

ronment with exogenous human capital, the agents are forced to devote part of their time to

human capital accumulation. This exogenous pro�le of investment hours is the same between

two economies as shown in the bottom panels of Figures 3 and 4.

The time allocation between two economies di¤ers for three age groups: 20 to 34,

35 to 44, and 45 to 64 year olds. In the �rst age group, the agents work approximately

the same amount in the two economies, because their labor productivity is not very high.

Due to the higher after-tax wage rate, the agents still enjoy higher consumption under the

Voluntary RSA. The agents of ages 35 to 44 work slightly less under the Voluntary RSA for

three reasons. First, the after-tax wage income is higher. Second, the labor productivity is

close to the peak one, as seen in Figure 5. Third, the consumption level is close to the desired

life-time path. In the third age group, the agents work on average 4 hours per week more.

These agents take advantage of high labor productivity and heavily save for retirement. As

seen in Figure 5, the agents save more in the absence of the publicly provided social security

bene�ts.

12



Environment with endogenous human capital Welfare gains from eliminating the

social security system are lower in the environment with endogenous human capital. In this

environment, agents have an additional margin of adjustment, human capital investment, as

compared to the one with exogenous human capital. Therefore, the reduction in distortionary

labor income tax leads to lower welfare gains.

An agent can take advantage of the higher after-tax wage rate in two ways: (i) supply

more hours for market production and/or (ii) invest more into human capital. Due to the

human capital technology, the young agents invest more into human capital and work less

for the market production. Even though the young agents are borrowing constrained, the

discounted life-time bene�t from the human capital investment outweighs the forgone wage

income. The comparison of the human capital pro�les is in Figure 5. As can be seen in Figure

4, the agents of ages 50 to 64 work for the market production on average 6 hours more. There

are two reasons for this. First, they want to take advantage of the high labor productivity.

The productivity for the age group 60 to 64 is higher than that for the one 30 to 34. Second,

the agents save to �nance an increasing stream of consumption during retirement.

Table 3 reports changes in aggregate variables between the baseline economies and the

ones under the Voluntary RSA. The interest rate in the environment with this alternative is

lower than the one in the baseline environment. Kotliko¤ et al. (1999) and DeNardi et al.

(1999) report that the output is higher in the steady state under the new system by 12% and

8.7%, respectively, as compared to the initial steady state. I �nd that in the environment

with exogenous and endogenous human capital the output is 8.16% and 11.81%, respectively,

higher in the economies with the alternative retirement system as compared to the baseline.

The total amount of savings under the new arrangements are higher by 16.31% and 16.91%

in the environment with exogenous and endogenous human capital, respectively.

3.2. Arrangements with Mandatory Retirement Savings Accounts

Under this retirement arrangement, the agents are required to contribute a �xed frac-

tion of labor income to Mandatory RSA. These contributions are tax-deferred, accumulation

of assets on the Mandatory RSA is tax-exempt, and withdrawals are subject to labor income

taxes.
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A. Economy Description

I initially describe the economy with endogenous human capital and modi�cations for

the economy with exogenous human capital are given at the end of section . The demographic

structure is the same as in the baseline environment.

An agent born at period t and of age j has two types of savings accounts: a voluntary

one, st1;t+j, and a mandatory one, s
t
2;t+j. An agent starts her/his life with zero assets, s

t
1;t = 0

and st2;t = 0. Under this retirement arrangement, the agents are required to contribute a

fraction � of wage income towards a tax-deferred retirement account.

An agent born at period t chooses a sequence of allocations,
n
ctt+j; s

t
1;t+1+j; l

t
m;t+j; l

t
h;t+j; h

t
t+j

o
j2=
,

to maximize the discounted value of life-time utility (1) subject to the following budget con-

straint:

(1 + � c) c
t
t+j+s

t
1;t+1+j � (1� � l) (1� �)wt+jh

t
t+jl

t
m;t+j+(1+(1� � k) rt+j)s

t
1;t+j+d

t
t+j;(9)

borrowing constraints:

st1;t+j � 0;

st2;t+j � 0;

and the law of motion for human capital technology (3).

The accumulation of assets in a mandatory savings account is

st2;t+1+j =

8><>: �wt+jh
t
t+jl

t
m;t+j + (1 + rt+j) s

t
2;t+j; j = 0; J � 1;

(1 + rt+j) s
t
2;t+j � bt; j = J; J � 1:

The transfers to a household consist of two components: a lump-sum transfer for

agents of all ages, f tt+j, and annuity payments from the mandatory savings account, bt,

dtt+j =

8><>: f tt+j; j = 0; J � 1;

f tt+j + (1� � l) b
t; j = J; J � 1:

During retirement, an agent born at period t receives a constant annuity payments from

the Mandatory RSA, bt. These annuity payments are calculated such that the mandatory

14



savings account is exhausted by the end of agent�s life, i.e., st2;t+J = 0. The annuity payment

depends on the accumulation of assets at the beginning of retirement, st
2;t+J

:

bt = [1 + (1 + rt+J�1) + (1 + rt+J�1)(1 + rt+J�2)]
�1

J�1Y
z=J

(1 + rt+z)s
t
2;t+J

:

Asset accumulation on the mandatory savings account at the beginning of retirement is3

st
2;t+J

=
J�1X
j=0

�wt+J�1�jh
t
t+J�1�jl

t
m;t+J�1�j

jY
z=1

�
1 + rt+J�z

�
:

The government�s budget is balanced every period. At period t, the government makes

the same lump-sum transfers to all living generations, ft.

Gt + ftJ =
J�1X
j=0

h
� cc

t�j
t + � l (1� �)wth

t�j
t lt�jm;t + � krts

t�j
1;t

i
+

J�1X
j=J

� lb
t�j:

Production technology is as in the baseline environment with the capital stock deter-

mined by the accumulation of assets on two savings accounts:

Kt =
J�1X
j=0

st�j1;t + st�j2;t :

And market clearing conditions are given by (5).

The model with exogenous human capital has the initial human capital stock and

investment hours pro�le as in the baseline economy. The household�s problem and retirement

arrangements are as in the endogenous environment described above.

B. Calibration and Results

The labor income tax is calibrated to keep lump-sum transfers as the share of output

the same between the baseline and Mandatory RSA arrangements in the environment with

endogenous human capital. The labor income tax is reduced from 27% in the baseline to

26.05%. The rate of contributions to Mandatory RSA, �, is set at 9%.

Welfare gains from introducing these retirement arrangements are reported in Table

4. Table 5 compares aggregate variables between the economies with alternative and baseline

retirement arrangements. Figures 6 through 10 compare equilibrium individual allocations at

3Here, I de�ne the following product operation:
0Y
z=1

�
1 + rt+J�z

�
= 1.
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two stationary equilibria: (i) Mandatory RSA and (ii) baseline. First, I discuss a stationary

equilibrium within the environment with exogenous human capital. Then, I explain the role

of the endogenous human capital in the second environment considered.

Environment with exogenous human capital The retirement system with Mandatory

RSA results in the capital stock being higher by 36.89% as compared to the baseline economy.

This retirement arrangement gives the highest welfare gains because the agents enjoy higher

consumption and leisure. Since the wage rate is higher by 13.18% as compared to the baseline,

an individual can a¤ord to work less and still enjoy the higher consumption.

Environment with endogenous human capital Under this retirement arrangement, the

labor income tax is only slightly lower in comparison to the baseline economy. The agents

choose to take advantage of the higher wage rate by accumulating more human capital,

since the time investment into human capital accumulation at the beginning of life leads to

the highest return in accordance with the human capital technology. Due to this technology

restriction, agents choose to invest substantially more time during ages 20 to 34 into schooling

as compared to the baseline. This increase in investment hours is accompanied by a decrease

in market hours. During this period their borrowing constraint binds and is tighter under

Mandatory RSA.

Table 6 reports the welfare ranking for two alternative retirement arrangements and

two environments that di¤er by human capital endogeneity. From this table, I conclude that

the endogeneity of human capital is important in evaluating tax and social security policies.

4. Conclusion
This paper considers three di¤erent retirement systems and analyzes the role of human

capital endogeneity in evaluating these policies. I show that incorporating human capital

investment into an overlapping generations model is important. Welfare ranking of two

alternative retirement arrangements depends on the environment considered. Within the

environment with exogenous human capital, a household enjoys the highest welfare when he

or she is required to save a �xed fraction of labor income in the tax-deferred Mandatory RSA.

These arrangements result in the highest level of savings and the highest wage rate. Hence,
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the households get the highest level of consumption while enjoying more leisure.

The ranking is di¤erent in the environment with endogenous human capital. The

retirement arrangements with Voluntary RSA lead to the highest household�s welfare. In

comparison with the exogenous environment, an agent has an additional margin of adjust-

ment, human capital investment. He or she prefers to accumulate more human capital under

the alternative arrangements in order to take advantage of higher wage rates. Due to the

human capital technology, time investment early in life earns the highest return. Because

young agents are borrowing constrained and shift hours from market production into human

capital accumulation, the agents prefer to save during middle ages. The arrangements with

Voluntary RSA allow an agent to optimally and simultaneously choose the stocks of phys-

ical and human capitals. Hence, these arrangements result in the highest welfare. Under

Mandatory RSA, young agents have tighter borrowing constraints when they are forced to

save.

I plan to extend my analysis in a number of ways. The level of intertemporal labor

supply elasticity is a controversial issue among labor and macro economists. I plan to explore

sensitivity of my analysis with di¤erent values of labor supply elasticity.
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5. Appendix
This appendix consists of three parts. In the �rst part, I describe a solution to a sta-

tionary equilibrium in the environments considered under di¤erent retirement arrangements.

The second part provides a numerical algorithm to solve for a stationary equilibrium. Data

sources and calibration procedures are discussed in the third part.

5.1. Solution for a Stationary Equilibrium

To compare di¤erent retirement arrangements, I solve for a stationary equilibrium.

For each retirement system, I solve for a set of equations that must be satis�ed in a sta-

tionary equilibrium. Within each retirement system, I provide details for the economies with

endogenous and exogenous human capital accumulation.

A. Retirement arrangements with PAYG system

Environment with endogenous human capital An equilibrium in the environment

with endogenous human capital must satisfy De�nition 1. To derive equilibrium conditions,

I start with a problem of a young agent born at period t. Given initial stocks of physi-

cal and human capital, (stt; h
t
t), factor prices, and government policy, an individual chooses�n

ctt+j; s
t
t+1+j; l

t
m;t+j; l

t
h;t+j; h

t
t+j

o
j2=

�
to maximize (1) subject to (2)-(4).

To simplify notation, I solve the problem of an agent born at period t and omit the

time subscript. In this appendix, a subscript denotes the period of an agent�s life. Let �j,

j = 0; :::; J � 1, be multipliers on household�s budget constraints (2) and �j, j = 0; :::; J � 1,

be multipliers on the law of motion of human capital (3). Assume that all non-negativity

constraints are satis�ed. The Lagrangian function for this problem is

$
�n
cj; sj+1; lmj; lhj; hj+1; �j; �j

oJ�1
j=0

�

=
J�1X
j=0

�ju(cj; 1� lmj � lhj)

�
J�1X
j=0

�j [(1 + � c) cj + sj+1 � (1� � l)whjlmj � (1 + (1� � k) r)sj � dj]

�
J�1X
j=0

�j [hj+1 � (1� �h)hj �G(hj; lhj)] :
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The following notation for partial derivatives is used:

u1j =
@u(cj ;1�lmj�lhj)

@cj
; u2j =

@u(cj ;1�lmj�lhj)
@(1�lmj�lhj)

;

G1j =
@G(hj ;lhj)

@hj
; G2j =

@G(hj ;lhj)

@lhj
:

First-order conditions with respect to an agent�s choice variables are

�ju1j = �j;(10)

�j = �j+1(1 + (1� � k) r);(11)

�ju2j = �j (1� � l)whj;(12)

�ju2j = �jG2j;(13)

�j+1 (1� � l)wlmj+1 = �j � �j+1(1� �h +G1j+1);(14)

(1 + � c) cj + sj+1 = (1� � l)whjlmj + (1 + (1� � k) r)sj + dj;(15)

hj+1 = (1� �h)hj +G(hj; lhj):(16)

I use (10) and (11) to get an intertemporal condition:

u1j
�u1j+1

= (1 + (1� � k) r):(17)

Using (10) and (12), I get a condition for an intratemporal trade-o¤ between consumption

and leisure:

u2j
u1j

= (1� �)wjhj;(18)

where � = (� l + � c) = (1 + � c) is a labor tax wedge.

The condition relating investment hours to other variables is derived as follows. Con-

ditions (12) and (13) imply

�j =
�j (1� � l)whj

G2j
:(19)

Combining (19), (14), and (11), I get an expression that implicitly determines the choice of

investment hours:

lmj+1 = (1 + (1� � k) r)
hj
G2j

� hj+1
G2j+1

(1� �h +G1j+1):(20)
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Given the initial stocks of physical and human capital, s0 and h0, factor prices, r

and w, and government sector variables, (� c; � l; � k; �; g; f), the household�s choice variables

can be found by solving a system of equations consisting of (17), (18), (20), (15), and (16)

for the agent�s life periods j = 0; :::; J � 1. All retirees receive the same bene�ts, b =�
�=J

�PJ�1
j=0 whjlm;j, and agents of all ages get the lump-sum transfers, f .

Because I consider a stationary equilibrium, the market clearing conditions and gov-

ernment�s budget constraint become:

K =
J�1X
j=0

sj;

L =
J�1X
j=0

hjlm;j;(21)

J�1X
j=0

cj + �kK = (1� g)AK�L1��;(22)

gAK�L1�� + Jf +
�
J � J

�
b =

J�1X
j=0

(� ccj + � lwhjlm;j + � krsj) :

Factor inputs are paid their marginal products:

w = (1� �)AK�L��;(23)

r = �AK��1L1�� � �k:(24)

Environment with exogenous human capital Within this environment, pro�les for

investment hours and human capital stock,
�n
lh;j; hj

o
j2=

�
, are exogenous for an agent. A

household also takes as given an initial endowment of physical capital, government policy

variables, and factor prices. In the stationary equilibrium, the household�s choice variables

must satisfy (17), (18), and (15). The equations describing the government and produc-

tion sectors and the market clearing conditions are the same as in the environment with

endogenous human capital.

B. Retirement arrangements with Voluntary RSA

The PAYG social security system is eliminated by setting the replacement rate for the

social security bene�ts, �, equal to zero. The tax on labor income is recalibrated to keep
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the lump-sum transfers to households as the share of output the same as compared to the

baseline retirement arrangements within the environment with endogenous human capital.

Given these two changes in the policy parameters, the set of equations describing a stationary

equilibrium is identical to the one under the baseline retirement arrangements.

C. Retirement arrangements with Mandatory RSA

Environment with endogenous human capital Because a household is forced to con-

tribute a fraction of labor income toward the Mandatory RSA, the following variables in the

household�s problem change. Accumulation of physical capital takes place on two accounts:

(i) one with voluntary contributions, s1;j, and (ii) one with tax-deferred mandatory accounts,

s2;j. The endowment of assets on both savings accounts at the beginning of agents�lives is

zero. The fraction of mandatory savings contributions is denoted by �. A household�s budget

constraint is

(1 + � c) cj + s1;j+1 � (1� � l) (1� �)whjlm;j + (1 + (1� � k) r)s1;j + dj:(25)

The amount of assets accumulated by households of di¤erent ages is

s2;j+1 =

8><>:
Pj
z=0 �wt+j�zhj�zlm;j�z (1 + r)

z ; j = 0; J � 1;

(1 + r) s2;j � b; j = J; J � 1:

At the beginning of retirement, an agent has the following amount of assets on her or his

tax-deferred Mandatory RSA:

s2;J =
J�1X
j=0

�whJ�1�jlm;J�1�j (1 + r)
j :

Annuity payments from this savings account are the same for all retirees:

b =

24J�J�1X
j=0

(1 + r)j

35�1 (1 + r)J�Js2;J ;
and transfers to households become

dj =

8><>: f; j = 0; J � 1;

f + (1� � l) b; j = J; J � 1:

The labor wedge a¤ecting an intratemporal condition is � = (� l + � c + � � � l�) = (1 + � c).

Given initial stocks of physical and human capital, s1;0, s2;0, and h0, factor prices, r and w,
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and government sector variables, (� c; � l; � k; �; �; g; f), the household�s choice variables can be

found by solving a system of equations consisting of (17), (18), (20), (25), and (16) for the

agent�s life periods j = 0; :::; J � 1.

The market clearing condition for physical capital and the government�s budget con-

straint are

K =
J�1X
j=0

s1;j + s2;j;

G+ fJ =
J�1X
j=0

[� ccj + � l (1� �)whjlm;j + � krs1;j] +
J�1X
j=J

� lb:

Market clearing conditions for the labor and the good markets are (21) and (22). The

factor prices are determined by (23) and (24).

Environment with exogenous human capital Within this environment, pro�les for

investment hours and human capital stock,
�n
lh;j; hj

o
j2=

�
, are exogenous for an agent. These

pro�les are kept the same under three retirement arrangements analyzed. The accumulation

of assets on and the annuity payments from the Mandatory RSA are as in the environment

with endogenous human capital. A household also takes as given an initial endowment of

physical capital, government policy variables, and factor prices. In the stationary equilibrium,

the household�s choice variables must satisfy (17), (18), and (25). The equations describing

the government and production sectors and the market clearing conditions are the same as

in the environment with endogenous human capital.

5.2. Numerical algorithm

Environment with endogenous human capital I describe a numerical algorithm for

�nding a stationary equilibrium in the environment with endogenous human capital accumu-

lation under retirement arrangements with PAYG system. Modi�cations of this algorithm

for the economy with exogenous human capital and alternative retirement arrangements are

discussed at the end of this subsection.

Since I solve for a stationary equilibrium, I omit the time subscript and consider

cohorts alive at a period t. I also incorporate functional choices for the utility and human
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capital production functions. The values of parameters are given in Table 1. The life-span J

is set at 12 periods, and the agents are working for the �rst J = 9 periods. I solve for 3J � 1

equilibrium variables using 3J � 1 equations.

A. Initial guess for iteration procedure

I provide an initial guess for the following equilibrium variables:

� savings made by di¤erent cohorts at a given period4, fsj+1gJ�1j=0 ;

� labor supply of di¤erent cohorts, flmjgJ�2j=0 ;

� human capital stock of di¤erent cohorts5, fhjgJ+1j=1 ;

� aggregate capital stock, K;

� lump-sum transfers to cohorts of all ages, f .

B. Additional economy variables

Given the set of variables I iterate on, the rest of the economy variables are calculated

as:

� during the last period of life, the agents are forced to retire, lmJ = 0;

� human capital stock during the last period of life is hJ�1 = (1� �h)hJ�2;

� aggregate labor supply is given by (21);

� factor prices are determined by (23) and (24);

� social security bene�ts and transfers to households are

b =
�w

J

J�1X
j=0

hjlm;j;

dj =

8><>: f; j = 0; J � 1

f + b j = J; J � 1
;

� aggregate capital next period is

K
0
=

J�1X
j=0

sj+1;

4The last element of the vector is savings of the oldest cohort at the last period of their lives, i.e., sJ = 0.
The endowment of physical capital is s0 = 0.

5Initial human capital stock is a given parameter, h0.
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� consumption of di¤erent cohorts, fcjgJ�1j=0 , is determined by the household�s budget

constraints (15);

� aggregate consumption is C = PJ�1
j=0 cj;

� life-cycle pro�le for investment hours is determined by the human capital production

technology:

lh;j =

"
hj+1 � (1� �h)hj

B (hj)
 1

# 1
 2

; j = 0; J � 1:

C. System of equations to iterate on

The algorithm for imposing non-negativity constraints on savings consists of three

steps: (1) solve the unconstrained problem; (2) for a cohort j with negative savings, replace

an Euler equation for this cohort with the equation sj+1 = 0; and then (3) solve the modi�ed

system of equations. I solve the system of non-linear equations using a Newton-Raphson

method as described in Press et al. (1986).

The system of equations for the unconstrained problem is

� Euler equations,

cj+1 = �(1 + (1� � k) r)cj; j = 0; J � 2;

sj+1 = 0; j = J � 1;

� given the labor tax wedge � = (� l + � c) = (1 + � c), intratemporal conditions on labor

supply are

�cj = (1� �)whj (1� lm;j � lh;j) ; j = 0; J � 1;

lm;j = 0; j = J; J � 2;

� intertemporal condition on labor supply is

lm;j+1B 2 = (1 + (1� � k) r) (hj)
1� 1 (lh;j)

1� 2

� (hj+1)1� 1 (lh;j)1� 2
h
1� �h +B 1 (hj+1)

 1�1 (lh;j)
 2
i
;

j = 0; J ;

� market clearing condition for good market:

C +K
0
= (1� g)AK�L1�� + (1� �k)K;
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� government�s budget constraint:

gAK�L1�� +
�
J � J

�
b+ Jf =

J�1X
j=0

[� ccj + � lwhjlm;j + � k (r � �k) sj] :

Environment with exogenous human capital The additional set of �xed parameters is

the life-cycle pro�les for investment hours and human capital stock,
�n
lh;j; hj

o
j2=

�
. The num-

ber of equilibrium variables to solve for is 2J+1. These variables are
�
fsj+1gJ�1j=0 ; flmjg

J�2
j=0 ; K; f

�
.

The set of equations to iterate on is the same as in the environment with endogenous human

capital excluding the intertemporal conditions on labor supply.

When I solve for a stationary equilibrium under alternative retirement arrangements,

I modify the procedure using the set of equations characterizing each of these alternatives.

The solution for a stationary equilibrium is derived in Section 5.1.

5.3. Data Sources and Calibration Procedure

Two main data sources are the Bureau of Economic Analysis (BEA), which publishes

the national accounts tables, and the Integrated Public Use Microdata Series (IPUMS) pro-

vided by the University of Minnesota (www.ipums.org).

A. Details on NIPA accounts and government expenditures.

The rearrangement of NIPA accounts is speci�ed in Table 7. Because I consider a closed

economy, net exports are included into investment expenditures. The details on government

expenditure programs are in Table 8.

B. Construction of wage earnings pro�le from decennial Census data.

To construct the life-cycle wage earnings pro�le, I use the Integrated Public Use Mi-

crodata Series (IPUMS) provided by the University of Minnesota (www.ipums.org). These

series are based on the decennial Census surveys collected by the U.S. Bureau of the Census.

I construct the wage earnings pro�le for 2000 and using a sample size of 1 percent of the

population. The following variables are extracted from the IPUMS sample:

� PERWT: person�s weight;

� AGE: person�s age at last birthday;
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� UHRSWORK: the number of hours per week that respondents usually worked if they

worked during the previous calendar year;

� WKSWORK1: the number of weeks that the respondent worked during the preceding

calendar year, including weeks with paid vacation and sick leave;

� INCWAGE: respondent�s total pre-tax wage and salary income for the previous calendar

year.

� CLASSWKR: class of worker.

In 2000, the top-code for INCWAGE is $175,000 (in contemporary dollars). Observa-

tions with INCWAGE above the top-code are assigned values of wage and salary income equal

to the state means of values above $175,000. Hence, no adjustment for top-coded INCWAGE

observations is needed.

I consider the age group 20 to 64 and restrict the sample to full-time full-year workers.

These workers are individuals who worked at least 35 hours per week and 40 weeks a year

during the last year. I further exclude workers reporting positive hours and zero wage income

and self-employed people. The observations are divided into nine age groups:

Age group 00 = Population 20 to 64 year old

0 = From 20 to 24 years

1 = From 25 to 29 years

2 = From 30 to 34 years

3 = From 35 to 39 years

4 = From 40 to 44 years

5 = From 45 to 49 years

6 = From 50 to 54 years

7 = From 55 to 59 years

8 = From 60 to 64 years
I denote each age group as Aj , where j is a group index and takes integer values

from 0 to 9. For an individual i, hourly wage ei is calculated as the ratio of the annual wage

income and annual hours:

ei =
INCWAGEi

UHRSWORKi �WKSWORK1i
:
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Average hourly wage for an age group Aj is calculated using personal weights for observations:

ej =

P
i2Aj ei � PERWTiP
i2Aj PERWTi

:

To express the wage earnings pro�le in units comparable to the model, I report the

ratio of the average hourly wage for an age group Aj to the average hourly wage of the

working population: "j = ej=e00; j = 0; :::; 8.

To calculate average weekly hours for population ages 20 to 64, I use the variable

UHRSWORK. Let lm denote average weekly hours. These hours are then calculated as

lm =

P
i2A00 UHRSWORKi � PERWTiP

i2A00 PERWTi
:

In 2000, a person in the age group 20 to 64 on average was working 29 hours per week.

27



References
Alvarez-Albelo, Carmen D. 2004. �Endogenous versus Exogenous E¢ ciency Units of Labour

for the Quantitative Study of Social Security: Two Examples.�Applied Economics Let-

ters 11:693�697.

Annual Statistical Supplement to the Social Security Bulletin. 2005. Social Security Admin-

istration: O¢ ce of Research, Evaluation, and Statistics.

Auerbach, Alan J. and Laurence J. Kotliko¤. 1987. Dynamic Fiscal Policy. Cambridge, U.K.:

Cambridge University Press.

Ben-Porath, Yoram. 1967. �The Production of Human Capital and the Life Cycle of Earn-

ings.�Journal of Political Economy 75(4):352�365.

Davies, James and John Whalley. 1991. Taxes and Capital Formation: How Important

is Human Capital? In National Saving and Economic Performance, ed. B. Douglas

Bernheim and John B. Shoven. University of Chicago Press pp. 163�197.

DeNardi, Mariacristina, Selahattin Imrohoroglu and Thomas J. Sargent. 1999. �Projected

U.S. Demographics and Social Security.�Review of Economic Dynamics 2:575�615.

Heckman, James J., Lance Lochner and Christopher Taber. 1998. �Tax Policy and Human-

Capital Formation.�AEA Papers and Proceedings 88(2):293�297.

Imai, Susumu and Michael P. Keane. 2004. �Intertemporal Labor Supply and Human Capital

Accumulation.�International Economic Review 45(2):601�641.

Kotliko¤, Laurence J., Kent Smetters and Jan Walliser. 1999. �Privatizing Social Security in

the United States - Comparing the Options.�Review of Economic Dynamics 2:532�574.

Press, William H., Brian P. Flannery, Saul A. Teukolsky and William T. Vetterling. 1986.

Numerical Recipes: The Art of Scienti�c Computing. Cambridge University Press.

Shaw, Kathryn L. 1989. �Life-Cycle Labor Supply with Human Capital Accumulation.�

International Economic Review 30:431�456.

28



Trostel, Philip A. 1993. �The E¤ect of Taxation on Human Capital.� Journal of Political

Economy 101:327�350.

U.S. Department of Commerce, Bureau of Economic Analysis (1929-2005), National Income

and Product Accounts, Survey of Current Business. N.d. Washington, DC: U.S. Govern-

ment Printing O¢ ce.

29



Table 1: Model Parametersa.

Parameter Expression Value

Preferences and Technology
Discount factor β 0.966
Leisure preference parameter α 1.88
Capital share θ 0.333
Depreciation rate of physical capital δk 0.075

Government Sector
Tax rate on consumption τc 0.05
Tax rate on labor income τl 0.27
Tax rate on capital income τk 0.40
Share of government expenditures g 0.1444
Replacement rate for Social Security benefits φ 0.195

Human Capital Technology
Initial stock of human capital h0 0.25
Depreciation rate of human capital δh 0.062
Productivity of human capital accumulation B 0.6
Weight of human capital stock ψ1 0.43
Weight of time investment ψ2 0.43

aAll parameter values are given in annual terms. Since one model period corresponds
to five years, the parameters are adjusted in the computations accordingly.
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Table 2: Welfare gains in the environments with Voluntary Retirement Sav-
ings Accounts as compared to the baseline, measured by life-time consumption
equivalents, in %.

Welfare Gains

Exogenous Human Capital 7.81
Endogenous Human Capital 6.98

Table 3: Aggregate variables in two environments: Baseline and with Voluntary
Retirement Savings Accountsa.

Value in Change in % from baseline

Baseline HC Exogenous HC Endogenous

After-tax interest rate, % 4.00 -0.49b -0.31b

Wage rate 41.65 3.69 2.25
Capital stock 38.80 16.31 16.91
Labor supply 1.27 4.31 9.34
Capital-labor ratio 30.53 11.51 6.92
Output 79.34 8.16 11.81
Capital-output ratio 2.44 7.54 4.56
Average market hours 29.00 4.56 3.88

aAll variables are in annual terms.
bChange of interest rate from the baseline one is in percentage points.
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Table 4: Welfare gains in the environments with Mandatory Retirement Sav-
ings Accounts as compared to the baseline, measured by life-time consumption
equivalents, in %.

Welfare Gains

Exogenous Human Capital 8.42
Endogenous Human Capital 5.01

Table 5: Aggregate variables in two environments: Baseline and with Mandatory
Retirement Savings Accountsa.

Value in Change in % from baseline

Baseline HC Exogenous HC Endogenous

After-tax interest rate, % 4.00 -1.58b -1.48b

Wage rate 41.65 13.18 12.19
Capital stock 38.80 36.89 41.20
Labor supply 1.27 -5.62 -0.03
Capital-labor ratio 30.53 45.04 41.24
Output 79.34 6.82 12.15
Capital-output ratio 2.44 28.15 25.90
Average market hours 29.00 -4.29 -5.91

aAll variables are in annual terms.
bChange of interest rate from the baseline one is in percentage points.
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Table 6: Welfare gains in the environments with Voluntary/Mandatory Retire-
ment Savings Accounts as compared to the baseline, measured by life-time con-
sumption equivalents.

Change in % from baseline

HC Exogenous HC Endogenous

Voluntary RSA 7.81 6.98
Mandatory RSA 8.42 5.01
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Table 7: National Accounts, Relative to GDP, 2000 (in percentage)

1 Gross Domestic Product (NIPA 1.1.5) 100.00
2 Private consumption 68.65
3 Personal consumption expenditures (NIPA 1.1.5) 68.65
4 Investment expenditures 16.91
5 Gross private domestic investment (NIPA 1.1.5) 17.68
6 Gross government investment (NIPA 3.1) 3.10
7 Net exports of goods and services (NIPA 1.1.5) -3.87
8 Government consumption expenditures (NIPA 3.1) 14.44

Sources are listed in the Appendix 5.3.

Table 8: Government Expenditure Programs, Relative to GDP, 2000 (in per-
centage).

1 Current expenditures (NIPA 3.1) 29.40
2 Government final consumption expenditure (NIPA 3.1) 14.44
3 Current transfer payments (NIPA 3.1) 10.82
4 Expenditures of OASI and DI fund (ASS 4.A3) 4.23
5 Other expenditures (NIPA 3.1) 4.15

Sources are listed in the Appendix 5.3.
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Figure 1: Life-cycle pro�les of investment hours and human capital, left and right panels,
respectively. These pro�les are held �xed in the environment with exogenous human capital.
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Figure 2: Figures 2 through 5 compare steady states in the environment with Voluntary Re-
tirement Savings Accounts to the one in the baseline environment; variables in these equilibria
are denoted as �experiment�and �baseline�, respectively. Left panel: economies with exoge-
nous human capital. Right panel: economies with endogenous human capital. Top panel:
consumption. Bottom panel: total weekly production hours are hours for market production
activities plus hours invested into human capital accumulation.
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Figure 3: Life-cycle pro�les of weekly hours. Top panel: total production hours. Middle
panel: hours supplied for market production activities. Bottom panel: hours invested into
human capital accumulation.
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Figure 4: Di¤erence between weekly hours in the environment with Voluntary Retirement
Savings Accounts and the baseline one. Top panel: total production hours. Middle panel:
market hours. Bottom panel: investment hours.
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Figure 5: Stocks of physical and human capital in top and bottom panels, respectively.
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Figure 6: Figures 6 through 10 compare steady states in the environment with Mandatory
Retirement Savings Accounts to the one in the baseline environment; variables in these equi-
libria are denoted as �experiment�and �baseline�, respectively. Left panel: economies with
exogenous human capital. Right panel: economies with endogenous human capital. Top
panel: household consumption. Bottom panel: total weekly production hours.
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Figure 7: Life-cycle pro�les of weekly hours. Top panel: total production hours. Middle
panel: hours supplied for market production activities. Bottom panel: hours invested into
human capital accumulation.
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Figure 8: Di¤erence between weekly hours in the environment with Mandatory Retirement
Savings Accounts and the baseline one. Top panel: total production hours. Middle panel:
market hours. Bottom panel: investment hours.
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Figure 9: Stocks of physical and human capital in top and bottom panels, respectively. The
stock of physical capital in the environment with Mandatory RSA is the sum of voluntary
and mandatory savings.
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Figure 10: Stock of physical capital. Top panel: total stock. Bottom panel: decomposition
into assets held at voluntary and mandatory accounts.
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