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In recent years, there has been a great amount of interest in trying to understand household

portfolio behavior over the life cycle. The motivation for this interest, in part, comes from

the aging of the baby boom generation and the implications of aging for social security

systems and the level of private and national savings. A substantial theoretical literature

has considered age-related patterns of asset allocation in terms of the standard portfolio

choice paradigm.�• Recently, the question of the relationship between age and portfolio

allocation has been investigated empirically. Canner, Mankiw, and Weil (1997) examine

whether investors who are more risk averse, such as older individuals, hold more riskless

assets in their portfolios. Such behavior does not appear to be consistent with the mutual

fund separation theorem. Poterba and Samwick (2000) examine saving behavior from a

demographic perspective and ¯nd that the composition of an individual's portfolio varies

over the life cycle.

In this paper we examine the Wealth Supplements to the PSID and document how cur-

rency, bond and stock holding varies with wealth levels as well as an agent's life cycle.

Stockholding is characterized by a humped shaped pattern over the life cycle with the peak

occurring in the mid ¯fties. In contrast, money plays a very important role for young and

old individuals. Our data suggest that the fraction of the portfolio allocated to money has a

"U-shaped" life cycle pattern. The life cycle pattern of bond holding in the portfolio seems

to increase with age until retirement. Because we ¯nd that portfolio composition depends

on age, we construct a stochastic overlapping generation general equilibrium model where

individuals live in an uncertain environment and attempt to smooth consumption through

savings. Individuals have access to three savings vehicles to insure against income °uctu-

ations - real capital, government bonds, and money. Markets are incomplete as negative

positions are not possible in each asset. Money is also required for consumption purposes.

Aggregate shocks are not present in the model. We calibrate and solve our model numer-

ically. We ¯nd that the model can account for most of the observed portfolio allocation

patterns. Since money holdings play an important role in the portfolio of younger and older

individuals, we use the model to examine how alternative (anticipated) in°ation levels im-

pact individuals portfolio allocation decisions. We ¯nd that increased in°ation has modest

e®ects on household portfolios. As in°ation increases, households reallocate their portfolios

by decreasing money holdings, and increasing stock holdings. These e®ects are particularly

strong for households between ages 45 and 65. This pattern is robust to aggregate asset

levels as well as portfolio shares. Bond holdings are hardly a®ected by increased in°ation.

These portfolio e®ects can be translated into aggregate e®ects. Aggregate stock holdings

and consumption increase with higher in°ation. Since the rate of return on money falls with

increased in°ation, we also ¯nd that aggregate money holdings fall with in°ation. Given

that consumption and money holdings move in opposite directions, precautionary money

holdings fall signi¯cantly as in°ation rises. We also ¯nd signi¯cant changes in aggregate

prices at di®erent levels of anticipated in°ation. We ¯nd that as the rate of in°ation in-

creases, the rate of return on stocks falls, the discount price of bonds rises, the price level
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on goods increases, and the budget balancing income tax rate increases. The increase in the

price of the discount bonds implies that the risk-free interest rate and the level of anticipated

in°ation are inversely related.�2

It is interesting to compare our results to Chatterjee and Corbae (1992). They study an

economy where individuals live two periods and are faced with di®erent endowments. Agents

have access to money and costly credit to smooth consumption. Their paper analytically

studies the individual's decision to participate in the costly credit or bond market. They ¯nd

that changes in the money growth rate have a negative e®ect on real interest rates because

of changes in asset type holdings. The real interest rate change results in a redistribution of

wealth. Our model is much more general than their model and our numerical work allows

us to examine the quantitative size of their redistribution channel.

This paper is organized into four sections. In the ¯rst section, we report the results from

an analysis of a data set we developed from Wealth Supplements to the PSID. This data set

allows us to examine how individuals or family units distribute their wealth across various

assets over their lifetime. The second section develops the model and de¯nes the stationary

equilibrium for this model. The third section discusses how we calibrate the model as well

as numerically solve the model. The fourth section analyzes the empirical results generated

by the model as well as how portfolios are a®ected by in°ation. The ¯nal section concludes.

�2�� �A�� �i �#�@�|�@

In the model that we construct, individuals attempt to smooth consumption in an environ-

ment with incomplete markets. They save for precautionary reasons and can allocate their

savings over three vehicles - stocks, bonds, and money. In order to evaluate the performance

of the model, we must document how individuals actually allocate their savings over a similar

set of assets over their lifetime. Because the focus of the model is a family or individual, we

must assemble facts on individual or family asset holding over the life-cycle. This requires

an examination of a panel data set. Two data sets are frequently used to study life cycle

savings decisions. These are the �5���h���i�) �L�u�� �L�?�t���4�i�h�6���?�@�?�U�i�t from the Board of Governors

and the University of Michigan's �� �@�?�i�*�5���h���i�) �L�? �W�?�U�L�4�i �#�)�?�@�4���U�t (PSID). Because the

latter data set allows researchers to track individual family units and their adult o®spring

over time, we focus on the 1994 Wealth Supplement to the PSID.��

Income,wealth and asset holding position information for the family unit is compiled. We

follow the de¯nitions in Budr¶³a, D¶³az-Gim¶enez, Quadrini and R¶³os-Rull (2002). That is, net

wealth is de¯ned as the sum of house value less remaining mortgage principle, the net value

�5�H�u�r�v�d�d�q�g �Y�h�q�w�x�u�d�+�5�3�3�5�, �h�{�d�p�l�q�h�d�k�h�w�h�u�r�j�h�q�h�r�x�v�d�j�h�q�w�i�u�d�p�h�z�r�u�n�z�k�h�u�h�l�q���q�l�w�h�o�| �o�l�y�h�g�d�j�h�q�w�v�k�d�y�h
�d�f�f�h�v�v�w�r �p�r�q�h�|�/ �f�r�v�w�o�| �f�u�h�g�l�w�d�q�g �f�d�s�l�w�d�o�l�q �r�u�g�h�u�w�r �v�p�r�r�w�k �r�x�w�l�q�f�r�p�h���x�f�w�x�d�w�l�r�q�v�1�W�k�h�i�r�f�x�v�r�i �w�k�h�l�u
�s�d�s�h�u�l�v�g�l���h�u�h�q�w�i�u�r�p �r�x�u�s�d�s�h�u�l�q�w�k�d�w�w�k�h�| �h�{�d�p�l�q�h�w�k�h�g�l�v�w�u�l�e�x�w�l�r�q�f�r�v�w�v�r�i �l�q���d�w�l�r�q�1�W�k�h�| ���q�g�w�k�d�w�o�r�z
�l�q�f�r�p�h�l�q�g�l�y�l�g�x�d�o�v�l�q�f�r�q�w�u�d�v�w�w�r �k�l�j�k�h�u�l�q�f�r�p�h�l�q�g�l�y�l�g�x�d�o�v�g�r �q�r�w�k�d�y�h�d�f�f�h�v�v�w�r �f�u�h�g�l�w�d�q�g�w�k�x�v�k�r�o�g�o�d�u�j�h
�f�d�v�k �e�d�o�d�q�f�h�v�1�W�k�l�v�l�v�f�r�q�v�l�v�w�h�q�w�z�l�w�k �w�k�h�i�d�f�w�w�k�d�w�|�r�x�q�j �d�q�g�o�r�z �l�q�f�r�p�h�l�q�g�l�y�l�g�x�d�o�v�k�d�y�h�u�h�o�d�w�l�y�h�o�| �o�d�u�j�h
�f�d�v�k �s�r�v�l�w�l�r�q�v�1
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of other real estate holdings, the net value of vehicles, equity in farms or private business,

cash (checking and saving accounts, money market bonds, Treasury bills, including such

assets held in IRA's), bonds (bond funds, cash in life insurance policies, a valuable collection

for investment and rights in trusts or estates), and stocks (shares of stocks in publicly held

corporations, mutual funds, or investments trusts including stocks in IRA's).�e

In Table 1 we summarize individual portfolio allocations across the wealth distribution.

We create average holding values by ¯nding the average wealth (as de¯ned in the PSID) for

all individuals with nonnegative wealth. From these values we constructed allocation shares

for cash, bond and stock holdings. In addition, we create a measure of ¯nancial wealth which

is the sum of money, bond, and stock holdings. The primary di®erence between wealth and

¯nancial wealth is housing and real estate. Since housing issues are not studied in this

paper, ¯nancial wealth is the appropriate measure of wealth for the model we construct.�D

Thus, when we refer to a portfolio, we are referring to a ¯nancial portfolio. The values in

Table 1 are in current value terms. We ¯nd that individuals hold a large fraction of liquid

assets in their portfolios. Data from the 1994 Wealth Supplement suggests that 52.4 percent

of ¯nancial wealth is held in the form of cash. Bond holdings account for 19.5 percent of

¯nancial wealth holdings while stocks accounted for 28.03 percent.�S

Portfolio allocations by quartiles are also presented in Table 1. The lowest wealth quartile

is de¯ned as the ¯rst quartile. The fourth quartile has the vast majority of wealth holdings.

In fact, the average wealth level of the fourth quartile is ¯fty-three times larger than the ¯rst

quartile. The fourth quartile holds the largest amount of all three assets. It is of interest

to know how individuals in the di®erent quartiles allocate their wealth. Individuals in the

¯rst quartile hold most of their portfolio in liquid assets. Individuals that comprised the

¯rst quartile hold approximately 70.9 percent of their ¯nancial portfolio in liquid assets.

The fraction of ¯nancial wealth held as bonds is 17.62 percent while only 11.41 percent

of the portfolio is in stocks. The second quartile holds a much smaller fraction of their

wealth in cash, about the same amount on bonds, and a slightly larger percentage of their

portfolio in stocks. Financial portfolio allocations of the third quartile are very similar to

the second quartile. Individuals in the third quartile seem to hold a slightly larger fraction

of their wealth in the form of stocks. The ¯nancial portfolio allocation of individuals in the

fourth quartile substantially di®er from the allocations of the ¯rst quartile. Individuals in

�7�D �f�r�p�p�h�q�w�l�v�u�h�t�x�l�u�h�g �r�q �k�r�z �z�h�f�r�q�v�w�u�x�f�w�h�g �r�x�u�v�d�p�s�o�h�1 �W�k�h�v�d�p�s�o�h�r�i �k�r�x�v�h�k�r�o�g�v�z�h�h�{�d�p�l�q�h�l�v
�p�r�w�l�y�d�w�h�g�e�| �d�g�h�v�l�u�h�w�r �k�d�y�h�d�g�|�q�d�p�l�f �s�d�q�h�o�r�y�h�u�w�k�h�y�d�u�l�r�x�v�Z�h�d�o�w�k �V�x�s�s�o�h�p�h�q�w�v�1�L�q �f�r�q�v�w�u�x�f�w�l�q�j �w�k�l�v
�v�d�p�s�o�h�z�h�g�h�f�l�g�h�g�w�r �d�v�v�h�p�e�o�h�d�q�x�q�e�d�o�d�q�f�h�g�s�d�q�h�o�w�r �p�d�{�l�p�l�}�h�w�k�h�q�x�p�e�h�u�r�i �i�d�p�l�o�| �x�q�l�w�v�d�v�z�h�o�o�d�v�d�o�o�r�z
�|�r�x�q�j�h�u�k�r�x�v�h�k�r�o�g�v�w�r �h�q�g�r�j�h�q�r�x�v�o�| �d�s�s�h�d�u�l�q �w�k�h�v�d�p�s�o�h�1 �Z�h�k�r�s�h�g �w�k�d�w�w�k�l�v�v�w�u�d�w�h�j�| �z�r�x�o�g �p�l�q�l�p�l�}�h
�e�l�d�v�d�j�d�l�q�v�w�|�r�x�q�j�h�u�l�q�g�l�y�l�g�x�d�o�v�w�k�d�w�r�i�w�h�q�r�f�f�x�u�v�l�q�d�e�d�o�d�q�f�h�g�v�d�p�s�o�h�1�Z�h�d�o�v�r �k�d�g�w�r �g�h�o�h�w�h�v�r�p�h�i�d�p�l�o�|
�x�q�l�w�v�1�D�q�x�p�e�h�u�r�i �i�d�p�l�o�| �x�q�l�w�v�g�l�g�q�r�w�d�s�s�h�d�u�l�q�d�o�o�z�h�d�o�w�k �v�x�s�s�o�h�p�h�q�w�v�1�W�k�l�v�f�r�x�o�g�e�h�g�r �w�r �h�l�w�k�h�u�w�k�h�l�u
�g�u�r�s�s�l�q�j �i�u�r�p �w�k�h�v�x�u�y�h�| �r�u�g�h�d�w�k�1�Z�h�w�u�l�h�g�w�r �g�l�� �h�u�h�q�w�l�d�w�h�w�k�h�v�h�w�z�r �s�r�v�v�l�e�l�o�l�w�l�h�v�1�L�i �d�q�l�q�g�l�y�l�g�x�d�o�z�d�v�r�y�h�u
�9�8�|�h�d�u�v�r�i �d�j�h�d�q�g�g�l�g�q�r�w�d�s�s�h�d�u�l�q�w�k�h�i�r�o�o�r�z�l�q�j �v�x�s�s�o�h�p�h�q�w�/�z�h�d�v�v�x�p�h�w�k�h�l�q�g�l�y�l�g�x�d�o�g�l�h�g�d�q�g�n�h�s�w�w�k�h
�l�q�g�l�y�l�g�x�d�o�l�q�w�k�h�v�d�p�s�o�h�1�L�i �w�k�h�l�q�g�l�y�l�g�x�d�o�z�d�v�x�q�g�h�u�9�8�/ �z�h�d�v�v�x�p�h�g �w�k�h�l�q�g�l�y�l�g�x�d�o�i�d�l�o�h�g�w�r �u�h�v�s�r�q�g�d�q�g
�k�h�q�f�h�z�h�g�h�o�h�w�h�g�w�k�h�s�h�u�v�r�q�i�u�r�p �r�x�u�v�d�p�s�o�h�1�G�l�y�r�u�f�h�v�f�d�q�k�d�y�h�p�d�m�r�u�l�p�s�o�l�f�d�w�l�r�q�v�i�r�u�s�r�u�w�i�r�o�l�r �g�h�f�l�v�l�r�q�v�1
�V�l�q�f�h�z�h�g�l�g �q�r�w�p�r�g�h�o�w�k�h�g�l�y�r�u�f�h�l�v�v�x�h�l�q �w�k�l�v�s�d�s�h�u�/ �z�h�g�h�f�l�g�h�g �w�r �g�h�o�h�w�h�i�d�p�l�o�| �x�q�l�w�v�w�k�d�w�v�x���h�u�h�g �d
�g�l�y�r�u�f�h�1�Z�h�d�o�v�r �h�o�l�p�l�q�d�w�h�g�d�k�r�x�v�h�k�r�o�g�l�i �w�k�h�| �u�h�s�r�u�w�h�g�q�h�j�d�w�l�y�h�z�h�d�o�w�k�1

�8�V�h�h�S�o�d�w�d�q�l�d�d�q�g�V�f�k�o�d�j�h�q�k�d�x�i �+�5�3�3�3�, �i�r�u�d�v�w�x�g�| �r�q�k�r�x�v�l�q�j �r�y�h�u�w�k�h�o�l�i�h�0�f�|�f�o�h�1
�9�W�k�h�i�u�d�f�w�l�r�q �r�i �v�w�r�f�n�v�l�q �w�k�h���q�d�q�f�l�d�o�s�r�u�w�i�r�o�l�r�v�d�s�s�h�d�u�v�w�r �e�h�w�r�r �o�r�z�1 �W�k�l�v�f�d�q �e�h�d�w�w�u�l�e�x�w�h�g �w�r �d

�z�h�d�n�q�h�v�v�r�i �S�V�L�G�g�d�w�d�1�W�k�h�S�V�L�G�x�q�g�h�u�v�d�p�s�o�h�v�w�k�h�z�h�d�o�w�k�| �z�k�r �z�r�x�o�g�k�d�y�h�w�k�h�o�d�u�j�h�v�w�d�p�r�x�q�w�r�i �v�w�r�f�n
�k�r�o�g�l�q�j�1
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the wealthiest quartile hold a large percentage of stocks. As can be seen, 46.4 percent of the

¯nancial portfolio is held as stocks in the fourth quartile. Liquid assets account for 34.98

percent of fourth quartile portfolio. In contrast the ¯rst quartile ¯nancial portfolio held 70.9

percent in the form of liquid assets.�.

In Table 2, we examine portfolio allocations over the life-cycle. Both young and old

individuals seem to allocate a larger fraction of their wealth to liquid assets. Individuals in

the 18 to 24 age cohort allocate 65.5 percent of their portfolio to liquid assets. Individuals

in the oldest cohort, 75 years and older, hold 61.8 percent in the form of liquid assets.

Individuals in the other age cohorts allocate less of the ¯nancial portfolio to liquid assets.

In fact, the percentage of the portfolio held in cash seems to have a "U-shaped" pattern

with the 55-64 cohort having the lowest percent of wealth in cash. Figure 1 presents the

fraction of wealth in the form of cash, bonds, and stocks for ages 21 to 85. Since this fraction

varies by age, we attempt to smooth out some of the variation by using a three year moving

average. The smoothed data are the represented by the bolder curve in the ¯gure an the "U-

shaped" pattern is very apparent. Ameriks and Zeldes (2001) examination of panel data from

the Survey of Consumer Finances and ¯nd that individuals with less ¯nancial wealth hold

relatively more cash. This ¯nding is consistent with our ¯nding that the younger individual

tends to hold a large amount of liquid assets. Poterba and Samwick (1999), using data from

the Survey of Consumer Finances ¯nd that older cohorts of households tend to devote a

higher fraction of their portfolio to liquid assets.

Bond holding has a di®erent pattern over the life-cycle. We already established that

young individuals hold a large percentage of their ¯nancial portfolio in the form of liquid

assets. We also ¯nd that these same individuals hold a relatively large amount of bonds.

Individuals in the 18 to 24 age cohort hold approximately 30 percentage of the ¯nancial

portfolio in the form of bonds. As individuals age, this fraction of the ¯nancial portfolio

allocated to bonds steadily declines. For example, individuals in 65 to 74 age cohort only

hold 9.3 percent of their portfolio in the form of bond and individuals in the 75 and over

cohort hold only a 5 percent share. Figure 1 presents bond shares by age and clearly shows

a declining trend. This result is somewhat surprising. Financial planners often argue than

retired individuals should hold more of their portfolio in safer assets with bonds being one

of these assets. We do not ¯nd the fraction of the portfolio allocated to bonds increasing at

the higher age cohorts.

Stock holding over the life cycle seems to suggest a humped shaped pattern. Younger

individuals hold a relatively small fraction of ¯nancial wealth in the forms of stocks. For ex-

ample, individual in the 18-24 age group in the 1994 Wealth Supplement held approximately

4.5 percent of there portfolio in the form of stocks. This fraction increases and seems to peak

around of the time of retirement.�H After the 65 to 74 age cohort, there is some evidence that

individuals allocate a smaller fraction of their ¯nancial portfolio to stocks. Figure 1 presents

stock holdings as a percentage of ¯nancial wealth portfolio. The humped-shaped pattern

characterizing stock holding over the life cycle is not unique to the PSID data set. Ameriks

�: �W�k�l�v �i�d�f�w�l�v �f�r�q�v�l�v�w�h�q�w�z�l�w�k �D�y�h�u�| �+�4�<�;�:�,�/ �N�h�v�v�o�h�u �d�q�g �Z�r�o���+�4�<�<�4�,�/ �d�q�g �N�h�q�q�l�f�n�h�o�o �d�q�g �V�w�d�u�0
�P�f�F�o�x�h�u�+�4�<�<�9�, �z�k�r ���q�g �w�k�h�i�u�d�f�w�l�r�q �r�i �k�r�x�v�h�k�r�o�g �z�h�d�o�w�k �k�h�o�g �l�q �o�l�t�x�l�g �d�v�v�h�w�v�g�h�f�u�h�d�v�h�v�z�l�w�k �l�q�f�r�p�h�d�q�g
�z�h�d�o�w�k�1

�; �W�k�h�g�d�w�d�i�u�r�p �w�k�h�4�<�<�7�Z�h�d�o�w�k �V�x�s�s�o�h�p�h�q�w�l�q�g�l�f�d�w�h�g�w�k�d�w�w�k�h�v�k�d�u�h�r�i �v�w�r�f�n�v�l�q�w�k�h�z�h�d�o�w�k �s�r�u�w�i�r�o�l�r �l�v
�j�u�h�d�w�h�v�w�l�q�w�k�h�9�8�0�:�7�d�j�h�f�r�k�r�u�w�d�q�g�w�k�h�q�g�h�f�o�l�q�h�v�1
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and Zeldes (2001) examine a panel data set that pools cross-section data from the Survey of

Consumer Finance and a panel data set from TIAA-CREF. They ¯nd equity ownership has

a humped-shaped pattern with peak of the hump occurring in the 52-55 age cohort. Bertaut

and Starr-McCluer (2000) examine household portfolios using the Survey of Consumer Fi-

nances. De¯ning risky assets as stocks, corporate, foreign, and mortgage-backed bonds, they

¯nd that the share of households having risky ¯nancial assets is humped-shaped with the

largest share occurring in the 45-54 age group in the 1989 and 1992 survey and in the 55-64

age group in the 1995 and 1998 survey. Our ¯ndings are in line with these other studies.

Our analysis of panel data indicates that ¯nancial portfolio choices depend on both age

and wealth levels. These ¯ndings are important for three reasons. First, these facts show that

any study of portfolio allocations must allow for the role played by age. This suggests that

the appropriate model for studying household portfolios must explicitly recognize age. An

overlapping generations model satis¯es this criteria. Second, these facts serve as a benchmark

for evaluating the predictions of any model of portfolio allocation. Third, since bonds, stocks,

and liquid assets make up a substantial elements in portfolios, a model should allow for

choices over these assets.

���� �A�� �i �• �L�_�i�*�, �U�L�?�L�4�)

In this section, we describe the model we use to study household portfolios. This model

contains three sectors: households, ¯rms, and a government. The modeled economy is

populated by overlapping generations of �i� �@�?�|�i identical households. Each individual is

subject to idiosyncratic productivity shocks and an uncertain length of life. In an attempt

to insure against these shocks and smooth consumption over their lifetime, households hold a

¯nancial portfolio comprised of stocks or real capital, government bonds, and/or currency. A

¯rm sector produces goods that can be used for either consumption or capital purposes. Since

all ¯rms are assumed to be identical, we consider a representative pro¯t maximizing ¯rm.

The production of this good requires capital and labor input. This economy also contains

a government sector. In the consolidated government budget constraint, the government

purchases goods, pays retirement bene¯ts, and pays interest on government debt by issuing

currency and bonds as well as through an income tax and a retirement tax on workers. We

now proceed with a more in-depth description of each sector.

�����•�� �A�� �i �O�L�� �t�i�� �L�*�_ �5�i�U�|�L�h

In each period time period a new generation of households is born with probability �� �• = 1��
Each new generation starts with zero assets. The bequest motive is not modeled in this

paper. The maximum length of life is �a periods. However, the survival between periods

is uncertain. Let the probability of survival from age �� to age �� + 1 be �� ���n�• 2 (0�c1)��The
share of age-�� individuals in the economy is denoted by �>�� ¸ 0��The shares are determined

by �>�� = �� ���>���3�•�*(1 ¡ �4) for �� = 2�c3�c�������c�a and
�S �a

���' �• �>�� = 1, where �4denotes the rate of

population growth.
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�����•���•�� �� �h�i�u�i�h�i�?�U�i�t

Individuals are only concerned with their future consumption if they are alive and are as-

sumed to order their consumption choices according to

�. �f

�a�[

���' �•

�q�� ��¦��
�&�' �•�� �&

��
�L(�S���c�}��) (3.1)

where �L is a continuous and strictly concave utility function; �S�� is household consumption

at age �� which is restricted to being nonnegative; �}�� is the household share of government

spending at age ��, �q is the subjective discount factor; and �. �f is the expectation operator

conditional on information at birth. We assume that government spending enters the utility

function in a separable manner. This allows us to ignore government spending in household

problem as it only serves as a scaling mechanism for lifetime utility.

�����•���2�� �, �@�h�?���?�} �� �T�T�L�h�|�� �?���|���i�t

An individual is endowed a unit of time in each period and they supply this time endowment

to the labor market inelastically up to the retirement age ���W�	 �a�� The retirement age is

the same for all individuals. Individuals di®er in their productivity for two reasons. First,

individuals of di®erent ages have di®erent productivities. We de¯ne �0�� as the labor produc-

tivity of an age �� individual. The age pro¯le of average labor productivity is f�0��g���W

���' �• ��A
second factor explaining individual di®erences in labor productivity is an individual-speci¯c

component which we denote as �1��We assume that individual-speci¯c labor productivity fol-

lows a ¯nite state Markov chain with a state space �12 ¥ = f�1�•�c�1�2�c�������c�1�� g and transition

probabilities given by the matrix �Z(�1��j�1) where �1�� is the labor productivity shock in the next

period. De¯ne ¦ as the unique invariant measure associated with �Z��We assume all agents

irrespective of age face the same Markov transition probabilities and that the fraction of the

population experiencing a transition from �1to �1�� is also given by �Z���b From the law of large

numbers and the assumed demographic structure in the model, the aggregate labor input

will be constant. These assumptions allow us to de¯ne an individual's labor earnings in a

given period as �� �1�0���� In this model, we assume markets do not exist that allow individuals

to directly insure against these individual-speci¯c di®erences in labor productivity.

�����•������ �O�L�� �t�i�� �L�*�_ �#�i�U���t���L�? �� �h�L�M�*�i�4

Each period individuals must decide how much to consume and how much to save. House-

holds have access to three saving vehicles: non-interest earning money balances of �6 �|�n�•�c
government bonds of ���K�}�|�n�• which sell at the discount price � �̂|where �� is the denomination,

and/or capital, �&�|�n�•�� The saving and consumption decisions are constrained by the sources

of income available to an individual. Each period, a working individual earns wage income

equal to �� �1�0��. This wage income is subject to an income tax, ���+�cand a retirement tax, ���o��
A retired individual does not earn any wage income, but does receive a retirement income

�<�W�k�h�l�q�l�w�l�d�o�u�h�d�o�l�}�d�w�l�r�q�r�i �w�k�h�l�q�g�l�y�l�g�x�d�o�0�v�s�h�f�l���f �o�d�e�r�u�s�u�r�g�x�f�w�l�y�l�w�| �l�v�d�v�v�x�p�h�w�r �e�h�g�u�d�z�q�i�u�r�p �� �i�r�u�d�o�o
�d�j�h�q�w�v�1
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of �+�o��Saving decisions made in the prior period provide additional sources of income. These

sources include money balances of �6 �|�cbonds of ���K�}�|�cnet capital income (1¡(1¡���+)(�o�|¡�B))�&�|�c
as well as the monetary transfer, �h�6 �|�cif the individual is in the ¯rst period of economic life.

The decisions to change capital stock holding involve a trading cost. We assume that the

costs of trading stock are proportional to the value of trade. We can write the household's

budget constraint in terms of the consumption good as:

�S�| + �6�|�n�•�e�| + � �̂|���K
�}
�|�n�• + �&�|�n�• · [1¡£](1¡ ���+¡ ���o)�� �1�0�� +£�+�r�c�� (3.2)

+�6 �|+ [1¡ ­] �h�6 �| + ���K�}�| +

(1 + (1¡ ���+)(�o�|¡ �B))�&�|¡ �|�S(j�&�|¡ �&�|�n�•j) + �|�o�|

where �|�Sis transaction costs associated with changes in capital stock holdings, �Bis the

depreciation rate on capital, �o�| is the interest return on capital, �|�o�| denotes the individual's

share from accidental bequests, and £ and ­ are indicator functions. £ is an indicator that

takes on the value of 0 is the individual is of age �� �	 ��¤ or the value 1 if �� ¸ ���W��­ is an

indicator that takes on the value of 0 is the individual is of age �� = 1 or the value 1 if �� �: 1.

That is,

£ =

��
0 if �� �	 ���W

1 if ��¸ ���W
(3.3)

and

­ =

��
0 if �� = 1

1 if �� �: 1
(3.4)

In this model, individuals hold money, bonds, and stocks so as to smooth out °uctuations

in consumption due to the fact that markets are incomplete. In our model, individuals hold

money for a secondary reason. Following Lucas (1982), we assume that households need

money balances in order to purchase consumer goods. In a model with incomplete markets,

we will see that some agents will hold money balances for precautionary reasons as well as

the transactions reasons that are normally captured by the cash-in-advance constraint. In

sum, the cash-in-advance constraint for this economy is

�6 �|¸ �S�| (3.5)

We can now restate the household's problem recursively. From this point forward, a

variable in the next period will be denoted by the prime notation. At each moment in

time, individuals are di®erentiated by their holding of money, bonds, capital, productivity

shock and age. Let �T(�6�c�K�}�c�&�c�1�c��) be the value of the objective function of age-�� agent
with beginning-of-period asset holdings of �6�c�K�}�c�&, and productivity level �1��The recursive

formulation of this problem is:

�T(�6�c�K�}�c�&�c�1�c��) = max
�t�S�c�6 ���c�K�}���c�&����

�L(�S) + �q�� ���n�•

�[

�1��

�Z(�1��j�1)�T(�6���c�K�}���c�&���c�1���c��+ 1) (3.6)

subject to the budget constraint

�S�| + �6 �|�n�•�e�| + � �̂|���K
�}
�|�n�• + �&�|�n�• · [1¡£](1¡ ���+¡ ���o)�� �1�0�� +£�+�r�c�� (3.7)

+�6 �| + [1¡ ­] �h�6�|

���K�}�| + (1 + (1¡ ���+)(�o�|¡ �B))�&�|¡ �|�S(j�&�|¡ �&�|�n�•j) + �|�o�|
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a cash-in advance constraint

�6 ¸ �S (3.8)

and constraints

�Ş 0 (3.9)

�K�} ¸ 0�c�6 ¸ 0�c�&¸ 0 (3.10)

We assume the household can not short sell capital.

�����2�� �A�� �i �6���h�4 �5�i�U�|�L�h

We assume a large number of perfectly competitive ¯rms exist in the economy. As a result, we

model the ¯rm sector as being comprised of one aggregate representative ¯rm that attempts

to maximize pro¯ts. The production technology of this ¯rm is given by a constant return to

scale Cobb-Douglas function

�t = �s(�g�c�� ) ´ �g �k�� �•�3�k (3.11)

where �k2 (0�c1) is capital's share of output, �g and �� , are aggregate inputs of capital and

labor, respectively.

Given a competitive environment, the pro¯t-maximizing behavior of the ¯rm gives rise

to ¯rst-order conditions which determine the real return to capital and the real wage

�o= �k�g �k�3�•�� �k (3.12)

and

�� = (1¡ �k)�g �k�� �3�k (3.13)

�������� �A�� �i �• �L�?�i�|�@�h�)�%�B�L���i�h�?�4 �i�?�| �� �� �|�� �L�h���|�)

The monetary authority/government purchases goods, pays retirement bene¯ts, and pays

interest on government debt. These purchases are ¯nanced through an income tax on wage

and capital earnings, bonds and by issuing currency. Currency bears no interest and deter-

mines the unit of account. This aggregate money stock is denoted by �• . A bond promises

to deliver one unit of goods at the beginning of the next period. This bond sells at a dis-

counted price of � �̂|. We will denote the supply of bonds by �� �}��This assets can be thought

of as a T-bond. We assume that these bonds are large denomination bonds of size �� as in
D¶³az-Gim¶enez and Prescott (1992).

The monetary authority passively supplies bonds to pay o® government debt. The mon-

etary authority sets the monetary growth rate, �l�cexogenously. The money supply growth is

exogenous and constant. In the absence of an aggregate shock, we assume there is no uncer-

tainty about the money supply process. The monetary authority uses seigniorage revenues

from in°ationary monetary policy to ¯nance the interest payments on government bonds.

Thus, the aggregate nominal supply of money equation is:

�• �|�n�• = (1 + �l)�• �| (3.14)
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Let �R�| be the price of one unit of the good produced in period �|. The in°ation rate is simply

�e�| = �R�|�n�•�*�R�|�� It is easy to show that the monetary growth rate ties down the in°ation rate.

Speci¯cally, the growth of the money supply equals the in°ation rate.

We assume that retirement program is self ¯nancing. That is,

���o
�[

���	 ���W

�>���� �1�0�� =
�[

���D���W

�>���+�r (3.15)

where �>�� is the measure of age �� individuals.
The consolidated government budget constraint in real terms is:

���+(�� + (�o¡ �B)�g) + � �̂|����
�}
�|�n�• +

(�e�|¡ 1)�• �|�n�•

�R�|
= �( �| + �C�|¡

�i�• �|

�R�|
(3.16)

where �( �| is the ¯xed size of the government debt, and �i�• �| is the total monetary transfers

given the ¯rst generation.�•�f

�����e�� �#�i�€�?���|���L�? �L�u�5�|�@�|���L�?�@�h�) �, � �̂� ���*���M�h���� �4

We can formally de¯ne the stationary equilibrium for this model. Let �6 2 ¨�c�K�} 2 ©�c�&2
¢�c�12 ¥�cand �� 2 �awhere ¨ ½ �U�n�c© ½ �U�n�c¢ ½ �U�n�c¥ = [�1�•�c�1�2�c�������c�1�� ]�cand �a½ �U�n��Let
�f = ¨ £ ©£ ¢ £ ¥ £ �a��For each �72 �7(�f )�cwhere �7(�f ) is an appropriate collection of

subsets of �f , let ¤(�7) denote the measure of age speci¯c individuals with (�6�c�K�}�c�&�c�1�c��) 2 �7��
The fraction �>��¤(�7) denotes the measure of age-�� agents with (�6�c�K�}�c�&�c�1�c��) 2 �7with respect

to the entire population of agents in the economy.

�#�i�€�?���|���L�? �•�� �� �t�|�@�|���L�?�@�h�) �i� �̂����*���M�h�����4 ���t �@���@�*���i �u���?�U�|���L�?�T�c�T�L�*���U�) �u���?�U�|���L�?�t �u�L�h�|���i ���L���t�i��
���L�*�_ (�S�c�6 ���c�K�}���c�&��)�c�T�L�*���U�) �u���?�U�|���L�?�t �u�L�h�|���i �}�L���i�h�?�4�i�?�| �@���|���L�h���|�) (�• ��

�c��
�}���c�l�c���+�c���o)�c���?�T���|

�_�i�4�@�?�_�t �u�L�h�|���i �h�i�T�h�i�t�i�?�|�@�|�����i �€�h�4�c�T�h���U�i�t (�� �c�o�c� �̂c�� )�c�@�U�U���_�i�?�|�@�*�M�i� �̂��i�t�|�t �|�o�c�@�?�_ �@�€�?���|�i
�@�}�i���_�i�T�i�?�_�i�?�| �@�?�_�|���4�i�����?���@�h���@�?�| �4�i�@�t���h�i�t �L�u�@�}�i�?�| �|�)�T�i�t¤(�6�c�K�}�c�&�c�1�c��) 2 �• �t���U�� �|���@�|�G

�•�� �B�����i�? (�� �c�o)�c�|���i �4�L�?�i�|�@�h�) �@���|���L�h���|�) �T�L�*���U�) (�• ���c�� �}���c�l)�c�@�?�_�@�U�U���_�i�?�|�@�*�M�i��
� �̂��i�t�|�t�c�T �t�L�*���i�t �|���i �u���?�U�|���L�?�@�*�i� �̂��@�|���L�?�E�.�� �@�?�_

�S(�6�c�K�}�c�&�c�1�c��)�c�6 ��(�6�c�K�}�c�&�c�1�c��)�c�K�}��(�6�c�K�}�c�&�c�1�c��)�c�&��(�6�c�K�}�c�&�c�1�c��) �@�h�i �|���i ���L���t�i���L�*�_�<�t
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�w�r �d�f�t�x�l�u�h�p�r�q�h�|�1�V�l�q�f�h�z�h�z�d�q�w�w�k�h�f�r�q�v�x�p�h�u�v�e�x�g�j�h�w�f�r�q�v�w�u�d�l�q�w�w�r �e�h�w�k�h�v�d�p�h�l�q�d�o�o�s�h�u�l�r�g�v�/�z�h�j�l�y�h�w�k�h
�|�r�x�q�j�h�v�w�l�q�g�l�y�l�g�x�d�o�v�v�r�p�h�p�r�q�h�w�d�u�| �w�u�d�q�v�i�h�u�v�1
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5. The social security system is self-¯nancing, satisfying

���o
�[

���	 ���W

�>���� �1�0�� =
�[

���D���W

�>���+�r (3.22)

6. The government budget constraint is satis¯ed.

���+(�� + (�o¡ �B)�g) + � �̂|����
�}
�|�n�• +

(�e�|¡ 1)�• �|�n�•

�R�|
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�i�• �|
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(3.23)
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���?�_���U�@�|���?�} �?�L�T�*�@�?�?�i�_�M�i� �̂��i�t�|�t �i� ���t�| ���?�|���i �4�L�_�i�*��
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�e���•�� �� �@�*���M�h�@�|���L�?

The model can not be solved analytically. As a result the model must be solved numerically

if we are going to evaluate whether agents desire to save for precautionary reasons is su±cient

to explain observed asset holdings over the life cycle. This means we must specify functional

forms and choose parameter values. We have attempted to choose parameters so the model

is consistent with the behavior of the U.S. economy during the post war period.

The demographic structure of the model requires the speci¯cation of the age length and

e±ciency index by age for an individual as well as the size of each cohort in the U.S economy.

We calibrate our model period to be one year. Individuals are assumed to be born when

they are of age 21, and they can live to a maximum age of 85 years. In terms of model

time, individuals live 65 periods. We assume every individual must retire at age 65. The

size of each cohort by age, �>���cis calculated from the relation �>���n�• = �� ���n�•�>���*(1 + �4) and
�S �a

���' �• �>�� = 1��The parameter �4is the growth rate of the population. We set this coe±cient

equal to zero in the baseline model. The conditional survival probabilities, �� ���care from

Farber (1982).

The model allows workers of di®erent ages to have di®erent productivity values. We

make this assumption in an attempt to provide a realistic cross-sectional age distribution of

earnings. We calibrate f�0��g to the age-earnings pro¯le of money earnings for full-time male

and female workers.�•�•

The technology parameters that need to be speci¯ed are determined by the functional

form of the aggregate production function and the capital evolution equation. The aggregate

production function is assumed to have a Cobb-Douglas form. As in the real business cycle

literature, we want to specify labor's share to income, 1¡ �k�cto be consistent with the long-

run share of national income in the U. S.. We specify labor's share to be 0.67 which is close

to the value speci¯ed in Cooley and Prescott (1995).

Before any preference parameters can be calibrated, we must specify the functional form

of the momentary utility function. We assume that the utility function has a CRRA form,

�L(�S) = (1¡ �j)�3�•�S�•�3�j . Following from the real business cycle literature, we set the coe±cient

of relative risk aversion, �j �cto be 1.5.

The parameters �q�c�B�c�C�c�( �cand ���o are calibrated so that the model is consistent with the

postwar United States economy. The discount factor �qis set so that a capital-output ratio of

3.0 is matched by the baseline model. This occurs when �q= ��995��The depreciation rate, �B�cis

�4�4�W�k�h�g�d�w�d�d�u�h�i�u�r�p �w�k�h�X�1�V�1�E�x�u�h�d�x�r�i �w�k�h�F�h�q�v�x�v�/�%�P�r�q�h�| �L�q�f�r�p�h�r�i �K�r�x�v�h�k�r�o�g�v�/�I�d�p�l�o�l�h�v�/�d�q�g�S�h�u�v�r�q�v
�l�q�w�k�h�X�q�l�w�h�g�V�w�d�w�h�v�/�4�<�<�3�/�%�F�x�u�u�h�q�w�S�r�s�x�o�d�w�l�r�q�U�h�s�r�u�w�v�/ �V�h�u�l�h�v�S�0�9�3�/�Q�r�1�4�:�7�/�D�x�j�x�v�w�4�<�<�4�+�W�d�e�o�h�6�3�,�1
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calibrated by the investment-capital ratio. For the postwar US economy, this number is .05.

The value of government consumption is set to be consistent with the postwar government

spending (except for transfer payments) output ratio of 0.22. This implies the baseline value

for �C to be .31. The parameter �( is tied down by the Privately held Debt-GDP ratio.

During the postwar period, the average Debt to GDP ratio is 0.30. As a result, the baseline

value of �( is 0.42. The next parameter that needs to be calibrated is ���o��This is determined

by the social security replacement ratio which gives a retirement tax rate 0.0765.

Parameters corresponding to the bond increment size, ���cand the transactions costs, tc,

associated with stocks must also be speci¯ed. We calibrated �� to the ratio of a $10,000 bond

to average income. In the results section, we examine the importance of this speci¯cation

for the results. The transaction coe±cient is set to 0.025. This is the parameter employed

in Aiyagari and Gertler(1991).

The speci¯cation of the stochastic idiosyncratic labor productivity process is extremely

important because of the implications that this choice has for the eventual distribution

of wealth. Often (the log of )labor productivity is assumed to be generated by a simple

autoregressive process. For example, Heaton and Lucas (1996) estimate the autoregressive

parameter in an individual labor productivity equation to be 0.529. Storesletten, Telmer

and Yaron (2001) argue that the speci¯cation of labor income or productivity process for an

individual household must allow for permanent and transitory components. Based on their

empirical work, specify �����| = ln(�1���|) to be:

�� ���| = �/ ���| + �"���| (4.1)

�/ ���| = �4�/ ���|�3�• + �����| (4.2)

where �"���|~�� (0�c�j �2
�") is the temporary component and �/ ���| is the permanent component. The

innovation term associated with this component is assumed to �����|~�� (0�c�j �2
��)��They estimate

�4= 0��935�c�j �2
�" = 0��01�cand �j �2

�� = 0��061��Fern¶andez-Villaverde and Krueger (2000) approximate

the Storesletten, Telmer and Yaron process with a three state Markov chain. They specify

the productivity value at the lowest state to be 0.5 while the productivity value at the middle

and highest states to be 0.93 and 1.51, respectively. The transition matrix is:

�Z=

�5

�7
0��75 0��24 0��01
0��19 0��62 0��19
0��01 0��24 0��75

�6

�8 (4.3)

The invariant distribution associated with this transition matrix implies that an individual

will be in the low or the high productivity state 31 percent of the time. An individual will be

in the middle or average productivity state 38 percent of the time. We employ this transition

probability matrix in our baseline model.

�e���2�� �� �L�4 �T�� �|�@�|���L�?�@�*�W�t�t�� �i�t

The solution to the models requires numerical methods. We will brie°y discuss the algo-

rithm we employ to solve our dynamic general equilibrium model. We solve the household

dynamic programming problem by setting up a grid on the state variables �6, �K, �&, age, and
employment state for each working age individual and a grid on �6, �K, �&, and age for each
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retired individual. Over the state, we use the ¯nest grid on money holdings. The monetary

authority chooses a money growth rate, (i.e., in°ation rate). We then supply a guess on

the market clearing stock return, bond price, price level, and income tax rate. Given these

values, we solve for the household's optimal decision rules by using backward recursion to

¯nd the household's value function. Using these decision rules and the transition matrix for

employment, we calculate the invariant measure of households across the state space. Once

we have the distribution of households over the state space, the aggregate level of money,

bonds, stocks, and accidental bequests can be calculated by summing over this invariant

distribution of households. Given the aggregate level of money, bond, stock holdings, and

accidental bequests, we check to see whether all markets have cleared and accidental bequests

are identical with the initialized value. If any of the markets are not cleared (or if accidental

bequests di®er from initial value) we update the prices using a bisection approach. Using

these values, we resolve the problem. We iterate on this vector of prices until convergence is

achieved.

�D�� �, �4 �T���h���U�@�*�+�i�t�� �*�|�t

�D���•�� �, ���@�*�� �@�|���L�? �L�u�|�� �i �� �@�t�i�*���?�i �• �L�_�i�*

We begin by examining the characteristics of the economy generated by the baseline model.

We de¯ne the baseline economy as an economy with a four percent in°ation rate. Table 4

presents the equilibrium return on stocks, the discount price of bonds, the aggregate price

level, and the income tax rate required for the government budget constraint to hold. The

equilibrium (net) rate of return on stocks in this model is 7.0 percent. This return is slightly

less than what is actually observed. This can be partially explained by the absence of

aggregate uncertainty in stocks. The equilibrium price of the government bond is 0.977.

This translates to a risk-free rate of return equal to 2.4 percent. At a four percent in°ation

rate, the equilibrium price level is 0.797. The last variable that is solved for is the tax rate

on wage and capital income. Given the assumed in°ation rate, we ¯nd the balanced budget

tax rate on income is 30 percent.

The model can be used to generate the implied life-cycle portfolio implications for our

model economy. Figure 4 presents the results for the baseline model from two perspectives.

The upper panel presents average asset holdings in units of the consumption good over

the life-cycle. In the data section, we identi¯ed the fact an individual's level of stockholding

increases with age until around the retirement age. After retirement, the level of stockholding

declines. In other words, stocks seem to have a humped-shaped holding pattern over the

life-cycle. Our model generates such a pattern, although the level of stockholding appears

to be too large relative to the other assets.

We found that the average value of bond holdings increased until the 45-54 cohort and

then stay approximately at the same level for the 45-54 and 55-64 cohorts. Eventually,

bond holdings gradually declines over the retired cohorts. The empirical data display similar

patterns. The main di®erences between the empirical and modelled bond holdings is that

the peak for bond holding is earlier in the data. This can be partly explained by the lack

of bequests in the model. Many young adults receive savings and other types of bonds from

their parents. Our data sample suggests that the level of bond holding on average is less than

15



either stock holding or money holding. Again, the model generates these relative holding

levels as are found in the data.

The ¯nal asset we want to examine is liquid asset holdings. Data indicates that the level

of liquid assets increase with age cohorts up to the 65-74 cohort. After that age, liquid asset

holdings decline. The model generates an increase in money holdings up to the retirement

age. We ¯nd that money holding temporary decrease around retirement and then increase

around age 70. It seems that agents react to the change from being a worker to a retiree

by temporarily reducing total money holdings. After age 70, the agents decrease money

holding. Such behavior is also found in the data.

It is also interesting to examine whether households hold money balances for reasons

other a transactions motive. To analyze this, we also plot consumption spending and money

holding over the life-cycle. We ¯nd the model generates a humped-shaped consumption

pattern that has been documented in Deaton (1991). As can be seen, the level of money

holding at each age exceed consumption at that same age. This suggests that some money

balances are held for precautionary purposes. When a household retires, we ¯nd a drop in the

level of precautionary holdings. The behavior is explained by the fact that the uncertainty

associated with labor income is no longer present which reduces the need for precautionary

cash balances.

The lower panel in Table 4 examines the predictions of the model on the relative shares of

the various assets in the household's portfolio over the life-cycle. Data indicates that money

holding seem to be characterized by a U-shaped pattern. Both the very young and relatively

old seem to skew their portfolios toward the holding of money. Money holding in our economy

displays similar behavior. Younger individuals tend to have low income levels making stock

holding di±cult due to transactions costs and bond holding nearly impossible due to the

relatively large denomination size of the bonds. In addition, money holding dominates the

¯nancial portfolio due to the cash-in-advance constraint. Older individuals hold money

because of the strong consumption smoothing motive and a weak saving motive. According

to the model, the fraction of the ¯nancial portfolio allocated to stocks has a relatively °at

inverted humped shaped pattern. Between age 40 and age 65, approximately 70 percent of

the portfolio is held in stocks. Compared to actual data which suggests that stocks account

for approximately 45 percent of the portfolio, the model generates too much stock holding.

This result is not surprising. Stocks in our model face no aggregate uncertainty which would

tend to decrease stock holding. Bond holding in the data seems to gradually decline with age.

This is a somewhat surprising result given the conventional wisdom that older individuals

should be holding more bonds.�•�2 The model does not generate such a pattern. Rather, a

humped shaped pattern in bond holdings is generated. More importantly, the level of bond

holdings generated in the model is too low for young households. As mentioned earlier the

low bond holdings by young households could be explained by the lack of bequests which

often take the form as bonds. Once a household is middle-aged the share of bond holding in

the model and in the data is close. To summarize, we ¯nd that even given a few shortcomings,

the model does a reasonable job of matching the relative shares found in empirical portfolio

data.

�4�5�V�h�h�F�d�q�q�h�u�/�P�d�q�n�l�z�/�d�q�g�Z�h�l�o�+�4�<�<�:�,�1
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A reasonable question is whether the aforementioned results are heavily dependent on the

speci¯cation of the transaction cost parameter or the bond size parameter. In order to

address this issue we considered alternative parameterizations. We examined alternative

values for the transaction cost coe±cients which ranged from one percent to ¯ve percent.

In general, the ¯ndings with respect to the allocation of assets in the portfolio over age did

not signi¯cantly change. The primary impact of an increase in transaction costs is slightly

delay the movement into and out of stock. Households hold slightly more stock at their

earnings peak. This is consistent with the increase in the steady state di®erence in the stock

return-bond return spread.

Another concern is whether the denomination of the bond drives our ¯ndings. In order to

investigate this possibility, we examine various lower denomination values. Just as with the

analysis of the transition cost parameter, we ¯nd these general conclusion remain the same.

As we lower the denomination value, individuals get into bond positions earlier and stay in

bonds longer. This reallocation comes primarily from money holdings. However, we must

stress that these changes are an order of magnitude that is too small to matter.�•�� Given

that the model does a good job at matching household portfolios, we address the portfolio

e®ects of changes in the rate of anticipated in°ation.

�D������ �5�L�4 �i �+�L�M�� �t�|�?�i�t�t �+�i�t�� �*�|�t �� ���|�� �+�i�t�T�i�U�| �|�L �W�?�� �@�|���L�?

In this section, we examine the results of the model across di®erent in°ation rates: -2%. 0%,

2%, 8% and 12%. For all of these rates, the asset holding patterns were similar to those

shown for the baseline model. The baseline portfolio patterns are robust to the di®erent

in°ation rates. Thus, prior results in general hold for asset levels as well as for portfolio

shares.

Figure 3 presents the average portfolio for households under 0%, 4%, and 12% anticipated

in°ation. We ¯nd the bond holding seems to be una®ected by anticipated in°ation. Most of

the portfolio e®ects occur in the substitution between money and stock holdings. Speci¯cally,

we ¯nd that in a higher in°ation regime, households seems switch out of the liquid asset,

and into stocks as an individual attempts to avoid the depreciation of money. This portfolio

adjustment is particularly strong for households between ages 45 and 65. This suggests that

in°ation may have important implications for retirement positions. Figure 4 displays the

same result when we look at portfolio shares. In a world of 0% in°ation, the average 60 year

old household would hold 20% of their portfolio in liquid assets and 72% in stocks. When

in°ation increases to 12% these shares change to 15% in money and 79% in stocks. This

is a sizable portfolio reallocation especially when we consider that these are the wealthiest

households. Wealthier households are able to mitigate the e®ects of in°ation by adjusting

their ¯nancial portfolios. Poorer households may wish to avoid the costs of higher in°ation,

but the lack °exibility in asset choice of doing so. This e®ect is particularly strong for young

households who are unlikely to have had an opportunity to accumulate a diversi¯ed portfolio.

This portfolio reallocation has implications which we can observe at the aggregate level.

We ¯nd that equilibrium asset prices change signi¯cantly with in°ation. Table 4 displays

�4�6�G�h�w�d�l�o�h�g�u�h�v�x�o�w�v�d�u�h�d�y�d�l�o�d�e�o�h�i�u�r�p �w�k�h�d�x�w�k�r�u�v�x�s�r�q�u�h�t�x�h�v�w�1
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the equilibrium prices across the range of in°ation rates. We ¯nd that as in°ation increases,

the return on stocks fall, the discount price on bonds rises, and the equilibrium tax rate

increases. When an individual knows in°ation is going to be higher, they attempt to convert

money holdings into either bond or stock holding. This behavior results in an increase in the

price of bonds. Individuals desire to increase capital (stock) holdings leads to an increase in

capital available to ¯rms. This results in a decline in the equilibrium marginal productivity

of capital, or equivalently the rate of return on capital. The fact that in°ation allows for

lower tax rates follows from the government budget constraint. Given a level of government

spending, higher anticipated in°ation rates result in an increase in seignorage and income

tax revenue. This means a lower tax rate will generate required revenue to ¯nanced the given

expenditure level. Since the price of bonds increases with in°ation, an inverse relationship

exists between the risk-free interest rate and in°ation. Table 5 displays this result. An inverse

relationship between the risk-free rate, and in°ation has been previously posited by Lucas

(2000), Tobin (1965), and Mundell (1963). Mundell and Tobin argued that in°ation could

lower the real interest rate permanently as wealth holders rebalance portfolios away from

money and reduce consumption. This is commonly known as the Mundell-Tobin e®ect. This

model generates something similar to this e®ect. The di®erence is that the rebalancing of

the portfolios does not necessary imply a reduction in consumption. This is shown in Table 6

which presents the aggregates of the economy under di®erent in°ation rates. We ¯nd that as

the in°ation rate increases, the aggregate stock holding increases, and the aggregate money

holding decreases. We also ¯nd that aggregate consumption increases with in°ation. The

existence of precautionary money holding allows households to switch away from liquid assets

and increase consumption under higher in°ation. Only under a situation of excessive in°ation

would households exhaust precautionary money holdings and have to decrease consumption.

�D���e�� �� �L�?�U�*�� �t���L�?�t

In this paper we study household ¯nancial portfolios and the e®ects of anticipated in°ation

on these portfolios. Using an overlapping generation dynamic general equilibrium model, we

¯nd that we can reasonably replicate the observed life-cycle portfolio patterns. Agents in

this economy begin with no assets, and accumulate assets throughout their working years.

They consume all of their assets during retirement. Money holdings follow a "U-shaped"

pattern as a proportion of the total portfolio over the life-cycle. Stock holdings follow a

humped pattern over the life-cycle. We ¯nd substantial consumption smoothing over the

life-cycle, with money holdings consistently following this pattern. The model reasonably

match empirical portfolios, particularly when looking at portfolio shares over the life cycle.

Given that our model does a reasonable job of matching empirical ¯nancial portfolios,

we address the portfolio e®ects of anticipated in°ation. After computing the model across a

range of in°ation rates, we ¯nd the following results. Increased in°ation has modest e®ects

on household portfolios. As in°ation increases, households decrease money holdings, and

increase stock holdings. These e®ects are particularly strong for households between ages

45 and 65. This pattern is robust to aggregate asset levels as well as portfolio shares. Bond

holdings are hardly a®ected by increased in°ation. These portfolio e®ects can be translated

into aggregate e®ects. Aggregate stock holdings and consumption increase with higher in-

°ation. Since the rate of return on money falls with increased in°ation, we also ¯nd that
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aggregate money holdings fall with in°ation. Given that consumption and money holdings

move in opposite directions, precautionary money holding falls signi¯cantly as in°ation rises.

We also ¯nd signi¯cant changes in aggregate prices at di®erent levels of anticipated in°ation.

We ¯nd that as the rate of in°ation increases, the rate of return on stocks falls, the discount

price of bonds rises, the price level on goods increases, and the government budget balancing

income tax rate decreases. The increase in the price of the discount bonds implies that the

risk-free interest rate and the level of anticipated in°ation are inversely related. Thus the

model con¯rms the Tobin e®ect.

It is important to note that this paper does not directly address the issue of the welfare

costs of in°ation. Although this model appears to be a perfect tool for addressing this issue,

the size of the model makes computing the welfare costs of in°ation infeasible. To correctly

measure the welfare costs of in°ation, we would need to compute the transitional dynamics

of this economy. This would require us to store the entire economy for 50 to 100 periods

thus creating a state space which cannot be stored using current technology. However, given

the modest portfolio e®ects that we ¯nd, we can argue that, as with most of the existing

literature, the welfare costs of anticipated in°ation are reasonably small.

The obvious extension for this paper would be to move to an economy that experiences

unanticipated in°ation. One reason for the low welfare costs of in°ation is because the

agents can see the change in the in°ation rate. As a result, agents adjust their portfolios in

an attempt to mitigate the costs of higher in°ation. In a world of unanticipated in°ation,

this would not be the case. Agents would no longer be able to insure against changes in the

money growth rate. This would lead to misallocations in household portfolios, and should

lead to higher welfare costs of in°ation. Not only should unanticipated in°ation a®ect the

aggregate welfare costs of in°ation, but it should have implications for the life-cycle costs

of in°ation. The older agents would no longer have the ability to use perfect foresight to

eliminate all the portfolio e®ects of in°ation. They now face in°ation uncertainty, and we

would expect higher welfare costs of in°ation for the older population.

�+�i�u�i�h�i�?�U�i�t

[1] Aiyagari, S.R. (1994), "Uninsured Idiosyncratic Risk and Aggregate Saving," �" ���@�h�|�i�h�*�)
�a�L���h�?�@�*�L�u�, �U�L�?�L�4���U�t, 57, 411-455.

[2] Aiyagari, S.R. and M. Gertler, (1991), "Asset Returns with Transaction Costs and

Uninsured Individual Risk," �a�L���h�?�@�*�L�u�• �L�?�i�|�@�h�) �, �U�L�?�L�4���U�t, 27, 311-331.

[3] Ameriks, J. and S. P. Zeldes (2000), "How do Household Portfolio Shares Vary With

Age?" Unpublished Working Paper, Columbia University.

[4] Avery, R. , G. Elliehausen, and A. Kennickel (1987), "Changes in the Use of Transaction

Accounts and Cash from 1984 to 1986," �6�i�_�i�h�@�*�+�i�t�i�h���i �� ���*�*�i�|���?, 73 pp. 179-195.l

[5] Bertaut, C. and M. Starr-McCluer (2000), "Household Portfolios in the United States,"

Working Paper, Federal Reserve Board of Governors.

19



[6] Bodie, Z., R.C. Merton, and W. Samuelson (1992). "Labor Supply Flexibility and Port-

folio Choice in a Lifecycle Model," �a�L���h�?�@�*�L�u�, �U�L�?�L�4���U�#�)�?�@�4���U�t �@�?�_ �� �L�?�|�h�L�*�c�•�S�c
�e�2�.���e�e�b��

[7] Browning, M. and L. Lusardi (1996), "Household Saving: Micro Theories and Micro

Facts," �a�L���h�?�@�*�L�u�, �U�L�?�L�4���U�w���|�i�h�@�|���h�i, 34, pp. 1797-1855.

[8] Campbell, J., J. Cocco, F. Gomes, and P. Maenhout (1999). "Investing Retirement

Wealth: A Life-Cycle Model," Manuscript, Harvard University.

[9] Canner, N., N. G. Mankiw, and D. Weil (1997). An Asset Allocation Puzzle," �� �4�i�h���U�@�?
�, �U�L�?�L�4���U�+�i�����i�� , 87, 181-191.

[10] Chatterjee, S. and D. Corbae (1992), "Endogenous Market Participation and the Gen-

eral Equilibrium Value of Money," �a�L���h�?�@�*�� �L�*���|���U�@�*�, �U�L�?�L�4�), 100, 615-646.

[11] Constantinides, G.M. and D. Du±e (1996), "Asset Pricing with Heterogeneous Con-

sumers," �a�L���h�?�@�*�L�u�� �L�*���|���U�@�*�, �U�L�?�L�4�), 104, 219-240.

[12] Deaton, A. (1991), "Savings and Liquidity Constraints," �, �U�L�?�L�4�i�|�h���U�@, 59, 1221-1248.

[13] D¶iaz-Gim¶enez, J., and E.C. Prescott (1992), "Real Returns on Government Debt: A

General Equilibrium Quantitative Exploration," �, ���h�L�T�i�@�? �, �U�L�?�L�4���U�+�i�����i�� , 41 115-

137.

[14] D¶iaz-Gim¶enez, J., E.C. Prescott, T. Fitzgerald and F. Alvarez (1992), "Banking in

Computable General Equilibrium Economies," Research Department Sta® Report 153,

Federal Reserve Bank of Minneapolis.

[15] Erosa, A., and G. Ventura(2002), "On in°ation as a regressive consumption tax," �a�L���h��
�?�@�*�L�u�• �L�?�i�|�@�h�) �, �U�L�?�L�4���U�t, 49, 761-795.

[16] Farber, J. F. (1982). "Life Tables for the United States: 1900-2050," Actuarial Study

No. 87, U.S. Department of Health and Human Services, Social Security Administration,

Washington, D.C.

[17] Fern¶andez-Villaverde, J. and D. Krueger (2000), "Consumption and Saving over the Life

Cycle: How Important are Consumer Durables?," unpublished manuscript, University

of Minnesota.

[18] Gakidis, H. (1997). "Stocks for the Old? Earnings Uncertainty and Life-Cycle Portfolio

Choice," Manuscript, Massachusetts Institute of Technology.

[19] Hochguertel, S. (1998). "A Bu®er Stock Model with Portfolio Choice: Implications of

Income Risk and Liquidity Constraints," Manuscript, Uppsala University.

[20] Heaton, J. and D Lucas (1996). "Evaluating the E®ects of Incomplete Markets on Risk

Sharing and Asset Pricing," �a�L���h�?�@�*�L�u�� �L�*���|���U�@�*�, �U�L�?�L�4�), 104, 443-487.

20



[21] Heaton, J. and D. Lucas (1997). "Market Frictions, Saving Behavior, and Portfolio

Choice," �• �@�U�h�L�i�U�L�?�L�4���U�#�)�?�@�4���U�t, 1, 76-101.

[22] Huggett, M. (1993) "The Risk-Free Rate in Heterogeneous Agent Incomplete-Insurance

Economies," �a�L���h�?�@�*�L�u�, �U�L�?�L�4���U�#�)�?�@�4���U�t �@�?�_�� �L�?�|�h�L�*, 17, 953-969.

[23] Huggett, M. (1996) "Wealth Distribution in Life-Cycle Economies," �a�L���h�?�@�*�L�u�• �L�?�i��
�|�@�h�) �, �U�L�?�L�4���U�t, 38, 469-494.
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�S�� �� �T�T�i�?�_��� �G�� �L�4 �T�� �|�@�|���L�?�@�*�• �i�|�� �L�_

We discretize the state space by choosing a ¯nite grid over money, bond, and capital holdings.

We restrict optimal choices to lie on the grid. The joint measure over the various assets,

labor productivity, and age, ¤�ccan then be represented as a ¯nite-dimensional array. After

making the economy stationary by transforming for population growth, the structure of the

algorithm used to compute the equilibrium is as follows:

To compute the steady state for a particular money growth rate,

1. Choose the target in°ation rate, �e.

2. Guess �o, � ,̂ �|�o, �� , ���+�c¤ and compute �g , and �� . �� is determined by the invariant

age-distribution ¦. Once the aggregate labor input is determined, ���o be calculated.

3. Solve backward for value and policy functions using �T(¢�c¢�c¢�c¢�c�a+ 1) ´ 0��

4. Use decision rules to compute new �o, � ,̂ �|�o, �� , ���+ and ¤.

5. Update �o, � ,̂ �|�o, �� , ���+ and ¤��

6. Iterate on �o, � ,̂ �|�o, �� , ���+ and ¤ until convergence.
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�A�@�M�*�i �•
Portfolio Allocations By Wealth Distribution

(1994 Wealth Supplement to PSID)

Wealth Average Average Holding of Percent of Financial Wealth in

Quartile Age Wealth Cash Bonds Stocks Cash Bonds Stocks

1�r�| 41 8�c049 2�c304 567 372 70��95 17��62 11��41
2�?�_ 45 40�c044 6�c672 2�c616 2�c771 55��47 21��59 22��92
3�o�_ 46 96�c668 14�c262 6�c103 9�c213 48��35 20��58 31��03
4�|�� 51 433�c408 60�c987 32�c616 80�c914 34��98 18��61 46��39
Total 46 144�c542 21�c056 10�c475 23�c317 52��39 19��54 28��03
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�A�@�M�*�i �2
Portfolio Allocations From an Age Cohort Perspective

(1994 Wealth Supplement to PSID)

Average Holdings % of Financial Wealth

Age Cohort Wealth Cash Bonds Stocks Cash Bonds Stocks

18-24 27�c717 5�c791 6�c569 975 65��49 30��03 4��45
25-34 44�c912 7�c327 10�c685 4�c758 48��93 35��37 15��75
35-44 81�c763 13�c362 10�c052 21�c034 39��83 19��46 40��69
45-54 150�c228 21�c371 13�c666 28�c381 39��81 19��55 40��62
55-64 164�c967 30�c025 13�c650 44�c515 38��87 14��35 46��79
65-74 160�c085 35�c630 9�c836 50�c705 42��76 9��29 47��93
75 plus 115�c003 35�c017 4�c083 27�c040 61��87 4��99 33��10
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�A�@�M�*�i ��
Parameters for the Baseline Model

Parameter Parameter Value

�#�i�4�L�}�h�@�T�����U�G
Initial Age 21

Terminal Age �a 85

Retirement Age ���W 65

Conditional Survival Rates f�� ��g Farber (1982)

Age-Earning Pro¯le f�0��g Current Population Reports (1991)

�A�i�U���?�L�*�L�}�)�G
Labor Share (1¡ �k) 0��67
Depreciation Rate �B 0��05
Transaction Cost on Stocks �|�S 0��025
Bond Denomination Size �� 0��25
�� �h�i�u�i�h�i�?�U�i�t�G
Discount Factor �q 0��995
Coe±cient of Risk Aversion �j 1��5
�5�|�L�U���@�t�|���U�w�@�M�L�h�V�@�h���@�M�*�i�t�G
Idiosyncratic Productivity �1

��
0��50 0��93 1��51

��

Transition Matrix �Z

�5

�7
��75 ��24 ��01
��19 ��62 ��19
��01 ��24 ��75

�6

�8

Invariant Distribution ¦
��

��31 ��38 ��31
��

�B�L���i�h�?�4�i�?�| �V�@�h���@�M�*�i�t�G
Government Consumption �C 0��31
Government Debt �( 0��42
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�A�@�M�*�i �e
Aggregate Prices vs In°ation

In°ation Rate Net Stock Return Bond Price Price Level Inc. Tax Rate

¡2% 0��079 0��932 0��713 0��410
0% 0��074 0��949 0��745 0��371
2% 0��071 0��958 0��786 0��339
4% 0��070 0��977 0��797 0��303
8% 0��065 0��985 0��836 0��248
12% 0��063 0��996 0��845 0��191

�A�@�M�*�i �D
Risk Free Rate vs In°ation

In°ation Rate Risk Free Rate

¡2% 7��350%
0% 5��346%
2% 4��439%
4% 2��407%
8% 1��520%
12% 0��357%
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�A�@�M�*�i �S
Aggregate Variables and In°ation

In°ation Rate Capital Bonds Money Consumption

¡2% 3��778 0��42 1��404 0��578
0% 4��040 0��42 1��338 0��597
2% 4��134 0��42 1��273 0��606
4% 4��167 0��42 1��212 0��627
8% 4��521 0��42 1��189 0��641
12% 4��654 0��42 1��187 0��670
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Figure 6.1: Asset Holdings as a Percentage of Household Portfolios
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Figure 6.2: Baseline Results
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Figure 6.3: Asset Holdings vs In°ation
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Figure 6.4: Portfolio Shares vs In°ation
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