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ABSTRACT

This paper investigates why high income households in the United States save on average more than low
income households in cross-section data, The three explanations considered are (1) age differences across
households, (2) temporary earnings shocks, and (3) the structure of transfer payments. We use a calibrated
life-cycle model to evaluate the quantitative importance of these explanations and find that age and the
structure of transfers are quantitatively important in producing the cross-section pattern of United States
savings rates. Temporary shocks are of secondary importance.
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1 Introduction

One of the stylized facts of US savings behavior documented in cross-sectional
household surveys is that high income households save on average a higher
fraction of income than do low income households. The differences in average
savings rates at different multiples of mean income are striking. Figure 1
shows that households with income levels below one half of mean income in
the economy dissave, whereas households with income levels of three or more
times mean income save in excess of 20 percent of income. One implication
of this fact is that savings must be very concentrated within the upper tail
of the income distribution.!

[Insert Figure 1 Here]

What explains this savings observation? It is clear that any explana-
tion will involve two steps: aggregating the savings behavior of heteroge-
neous households and accounting for the heterogeneity in savings rates across
households. To understand savings rate heterogeneity across households it is
important to focus on how households differ. Our strategy is to consider only
a few ways in which households differ. In particular, we focus on differences
across households in age and earnings history while abstracting from pref-
erence heterogeneity and all other shocks except earnings shocks. We then
examine the resulting savings behavior when some key features of market
structure and institutional arrangements are modeled. These key features
are the lack of markets for insuring earnings uncertainty and the presence of
a soctal security system with features similar to the current US system.

This framework allows us to examine a number of different ways in which
average savings rates could differ at different income multiples. First, age
could be key as households with high income are more likely to be in the
middle of the life cycle and therefore saving at a high rate for retirement.
Second, earnings shocks could be important. In particular, temporary earn-
ings shocks will be largely saved if positive and dissaved if negative. Thus,
savings rates of high income households are likely to be higher than low in-
come households in the same age group as the households with high income
will have a disproportionate fraction experiencing positive shocks and the op-

In particular, the distribution of savings must be more concentrated than the distri-
bution of income. To get a rough idea of the degree of concentration, consider the work
of Smith and Frechtling (1951). They calculate that the top 10 percent of the income
distribution accounted for between 73 and 105 percent of net savings in the years 1947-50.



posite pattern for those with low income. Third, the tax and transfer system
could be important. One key feature of current social security arrangements
is that benefits are not proportional to contributions. Thus, households with
permanently high earnings levels will save at higher rates before retirement
than will households in the same age group with permanently lower earnings
levels as benefits are of minor importance to very high earners but a sub-
stantial source of retirement income and health benefits to low earners. In
this way the distributional effects of transfer arrangements could also lead to
differences in measured savings rates within age groups.

The main findings of the paper are that calibrated life-cycle economies
with the features described above imply the type of savings behavior that is
observed. The key features of the model economies that produce this savings
behavior are the age structure, the structure of social security transfers and
the presence of largely permanent differences in earnings across households.
We find that neither preference heterogeneity nor a specific pattern of earn-
ings shocks are essential in producing this result. The fact that temporary
earnings shocks have only a modest contribution to decreasing the savings
rate at low incomes and increasing the savings rate at high incomes is a
surprising finding of this investigation.

This paper is organized in six sections. Section 2 documents the stylized
fact discussed in the introduction. Section 3 describes the model economies
we investigate. Section 4 describes how we parameterize the mode] economies
to be realistic descriptions of the US economy along some dimensions. Section
5 analyzes the savings-income ratios produced in the US economy and in the
model economies. Section 6 concludes.

2 Savings-Income Ratios in the US

We briefly review some of the evidence on the cross-section relationship be-
tween the savings-income ratio and the level of income in the US. This re-
lationship has been documented in numerous studies including Brady and
Friedman (1950), Fisher (1952), Kuznets (1953), Friend and Schor (1959),
Projector (1968), Avery and Kennickell (1991) and Bosworth et al (1991).
These studies construct measures of household income and net, savings from
cross-sectional household surveys. The results of these studies show that av-
erage household savings rates tend to increase as household income increases.



Table 1
Savings Rates at Multiples of Mean Income: US 1929-1950

Income

Multiple 1929 1935 1941 1942 1945 1946 1947 1948 1949 1950
.25 -304  -321 -1568 -251 4.9 -9.3 -148  -22.2  -31.1 -15.9
.50 -1.3 -7.4 0.2 -0.1 7.9 1.9 1.4 -1.3 -5.7 -0.8
.75 8.1 -1.5 5.3 8.3 10.7 7.0 4.6 3.2 -0.6 3.9
1.0 11.6 3.5 5.0 10.9 12.9 10.8 7.0 6.4 5.0 74
1.3 16.3 9.4 10.7 15.9 15.7 15.9 10.2 10.8 11.2 12.1
2.0 19.5 14.1 13.9 18.2 19.6 19.7 14.0 14.0 15.6 154
3.0 236 219 19.3 22.7 28.6 24.9 215 18.5 21.8 20.2
4.0 29.0 272 24.8 27.2
7.0 37.0 37.5

10.0 385 39.8
25.0 43.1 49,2
Source: Kuznets {1953, Table 48)

Consider the results obtained by Kuznets (1953). He reports annual sav-
ings as a fraction of income for households at various multiples of mean
income. The data come from various surveys conducted between 1929 and
1950. The results of his analysis are presented in Table 1. The averages
of these data were previously displayed in Figure 1. We observe that the
savings-income ratios are typically negative for households with income lev-
els below one-half of mean income. The ratio increases nearly monotonically
as the multiple of mean income increases. For households with income multi-
ples of three or more times mean income the average savings rate exceeds 20
percent. It is interesting to note that these patterns occur in the individual
years examined and therefore the pattern in Figure 1 is not the result of time
averaging the data.

It is interesting to compare the savings rates at different income multiples
found by Kuznets to those in more recent data. Projector (1968, Table 4)
presents results from several surveys in the 1960’s. Projector also finds that
savings rates tend to increase with the multiple of mean income. As Figure 1
shows, the findings are quantitatively similar to those in the Kuznets study.
Note that Projector does not have data for income multiples of 4.0 or higher.
Bosworth et al (1991, Table 5) present evidence from surveys in the 1960’s,
1970’s and the 1980’s. They find that average household savings rates tend
to increase with income. Furthermore, their results show that even though
savings rates have tended to decline for all income groups since the 1960’s
there continue to be large differences in average savings rates across different
Income groups.,



3 The Economies Investigated

3.1 The Environment

We consider an overlapping generations economy.? Each period a continuum
of agents are born. Agents live a maximum of N periods and face a prob-
ability s; of surviving up to age j conditional on surviving up to age j-1.
The population grows at a constant rate n. These demographic patterns are
stable so that age j agents make up a constant fraction u; of the popula-
tion at any point in time.®* All age 1 agents have identical preferences over
consumption:

N
E [E_: ﬁj(l:[ si)u (Cj)]

‘The period utility function u(c) is of the constant relative risk aversion
class, where o is the coeflicient of relative risk aversion.

u(e) = 79)(1 - o)

An agent’s labor endowment is given by a function e(z,7) that depends
on the agent’s age j and on an idiosyncratic labor productivity shock z. The
shock z lies in a set Z and follows a Markov process. Labor productivity
shocks are independent across agents. This implies that there is no uncer-
tainty over the aggregate labor endowment even though there is uncertainty
at the individual agent level. The function e(z, ) is described in detail in
section 3.

At any time period ¢ there is a constant returns to scale production tech-
nology that converts capital K and labor L into output Y. The technology
improves over time because of labor augmenting technological change. The
technology level X, grows at a constant rate, X4, = (1 + ¢)X,. Each period
capital depreciates at rate 6.

Y = F(K,LX) = AK*(LX)"™

*The modeling framework used here is similar to that used by Imrohorogiu et al (1995)
and Huggett (1995).
3The weights y; are normalized to sum to 1, where Hier = (s500/(1 + n))y;.
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3.2 The Arrangement

We consider an arrangement where in each period ¢ an age j agent with
idiosyncratic shock z chooses consumption ¢ and risk-free asset holdings
a,41. The period budget restriction for such an agent is then

C; + G.t+1 S at(l + Tt(]- — T)) + (1 — 9 —_ T)e(z,j)wt + Tg + bj.i
Cy 2 O, iy zgiand Ayyq 20 1{] =N

In the above budget constraint resources are derived from asset holdings
at, labor endowment e(z,j), a lump-sum transfer 7} and an age-dependent
social security benefit b;,. Assets pay a risk-free return r; and labor receives
a real wage w;. Agents are allowed to borrow up to a credit limit a; 1n period
t. In addition, if an agent survives up to the terminal period (7 = N), then
asset holdings must be nonnegative.

There are income and social security taxes in the model economies. Cap-
ital and labor income are taxed at the income tax rate 7. Labor income is
also subject to a social security tax 6. The social security benefit b; ¢ 1s zero
before the retirement age R and equals a fixed benefit level for an agent after
retirement.? All agents of the same age receive the same retirement benefit
as there is no linkage between a specific agent’s earnings and future social
security benefits, '

The assumption that benefits are independent of earnings history is a
strong assumption. We make it for two reasons. First, it simplifies the agent’s
deciston problem significantly. With this assumption only an agent’s last
earnings, and not the entire earnings history or an average of past earnings,
need be a state variable in the agent’s decision problem. Second, it is a rough
approximation to the highly redistributive nature of the actual link between
earnings and retirement benefits. Hospital insurance (HI) benefits to retirees
in the US Social Security system are independent of earnings history. Thus, it
is a factually correct assumption for this component of benefits. Old-age and
survivors insurance (OASI) benefits are linked to earnings history. However,
this link is a highly redistributive one. The monthly benefit is related to a
retiree’s average indexed monthly earnings (AIME). In 1992, benefits are 90
percent of the first § 401 of AIME, 32 percent of the next $ 2,019 of AIME

“The benefit level grows over time at the rate of technological change. Thus, cohorts
that retire later receive a higher benefit ievel.



plus 15 percent of AIME over $ 2,420. In addition, there are minimum and
maximum benefit levels that make benefits even more redistributive than
these rules suggest.®

For computational purposes we transform variables so as to remove the
eflects of growth. These transformations are as follows:

Gy = ai/Xt: & = Ct/XhTt = Tt/Xa,Bj,: = bj,t/Xt,QEg = ﬂ/xt
]%t = [(t/Ltth-Et = Lt/Lt,ét = Gz/XtLt,'LE)t = w:/Xt,r"t =1

With these transformations in mind we now describe an agent’s decision
problem in the language of dynamic programming. At a point in time an
agent’s state is denoted & = (d,z), where @ is (transformed) asset holdings
carried into the period and z is the labor endowment shock.® Optimal de-
cision rules are functions for consumption ¢(z,) and asset holdings a{z.j)
that solve the following dynamic programming problem, given that after the
terminal period N the value function is set to zero, V(z, N + 1) = 0.

V(,5) = Maz,,,u() + B + )05, E[V(&, 2", j + 1)|a]

subject to

()é+&(1L+g) <a(l+7+(1—7)+(1— 7 =8)e(z,5)b+ T + b
(2)¢>20,6 >gand & >0if j = N

Note that the period budget constraint in the dynamic programiming
problem is essentially the same as the budget constraint written in terms of
untransformed variables. The key differences are that time subscripts are
dropped and a term (I + ¢) is added. Time subscripts are dropped as we
focus on steady-state equilibria where transformed factor prices are constant
over time. The additional term (1 + g) appears due to the transformation of
variables. Finally, note that the credit limit & appears without a time sub-
script. This is because we focus on credit limits that are always proportional
to the current wage rate.

See the Annual Statistical Supplement of the Social Security Bulletin for complete
details.

®Note that we do not include time ¢ as a state variable. This is because the transfor-
mation above together with the focus on steady-state equilibria make an agent’s problem
time invariant.



3.3 Equilibrium

To state the equilibrium concept, some way of describing heterogeneity in
the economy at a point in time is needed.” At a point in time agents are
heterogeneous in their age j and their individual state z. A probability
measure 3; defined on subsets of the individual state space will describe the
distribution of individual states across age j agents. So let (X, B(X), ;)
be a probability space where X = [&,00)x Z is the state space and B(X)
is the Borel o-algebra on X. Thus, for each set B in B(X), ¥;(B) is the
fraction of age j agents whose individual states lie in B as a proportion of
all age j agents. These agents then make up a fraction ;% (B) of all agents
in the economy, where y; is the fraction of age ; agents in the economy.
The distribution of individual states across age 1 agents is determined by the
exogenous initial distribution of labor productivity shocks since all agents
start out with no assets. The distribution of individual states across age
J=12,3,...,N agents is then given recursively as follows:

0(B) = [ Pla,j -1, B)dbs

The function P(z, 7, B) is a transition function which gives the probability
that an age j agent transits to the set B next period, given that the agent’s
current state is x. The transition function is determined by the optimal
decision rule on asset holding and by the exogenous transition probabilities
on the labor productivity shock z2

We focus on steady-state equilibria. In a steady state the transformed
capital and labor inputs, transfers and government consumption are constant
over time. Thus, without the transformation these variables all grow at
constant rates. In steady state the age-wealth distribution is stationary or
unchanged over time when stated in terms of transformed variables.

Definition: A steady-state equilibrium is (c(:s,j),a(m,j),tb,f,[%,ﬁ,é,f,f},ﬁ,r)
and distributions (1,4, ...,%x) such that
1. ¢(z,7) and e(z,7) are optimal decision rules.

"See Laitrer (1992), Aiyagari (1994) and Rios-Rull (1995) for a discussion of
heterogeneous-agent models that have a similar structure to the one investigated here.

SThe transition function is P(z, , B) = Prob(2’ : (a(z, §),2') € B|z), where the relevant
probability is the conditional probability that describes the behavior of the Markov process
z.



2. Competitive Input Markets: 1 = FQ(IA(, fj) and 7 = Fl(f(, f)) )

3. Markets Clear: . o )
(&) 25 15 [x (2, ) +a(z, ) (1 +9))db; + G = F(K, L)+ (1 - 6K
(i6) X 5 fx alz, )by = (14 n) i
(222) o5 s fx ez, f)dep; = L = 1

4. Distributions are Consistent with Individual Behavior:

Vir(B) = fy P(z,j,B)dy; for j=1,...N—1and forall B € B(X).

5. Government Budget Constraint: G = T(FK + i)

. Social Security Benefits Equal Taxes: 81 = SN R H b;

7. Transfers Equal Accidental Bequests:

T'=[Zmi(1 = si1) fx alz, /)1 +7(1 = 7)1/ (1 + )

=23

A brief discussion of the equilibrium concept is in order. Equilibrium con-
dition 1 says that agents optimize. Condition 2 says that factor prices equal
marginal products. The first market clearing condition is that aggrepate
consumnption, asset holding and government consumption equals the current
output plus the capital stock after depreciation. Note that the term (1+g)
appears in this expression so that next period asset holdings are corrected for
next periods technology level. The other market clearing conditions are that
asset holdings are sufficient to keep the capital stock constant after adjust-
ing for population growth and technological change and that the labor input
per capita is equal to 1. Equilibrium conditions 5 and 6 say that income
taxes collected are sufficient to pay for government consumption and that
social security taxes are sufficient to cover the benefits paid to agents who
are past the retirement age. In this formulation social security is funded on a
pay-as-you-go basis. The remaining equilibrium condition is that lump-sum
transfers equal accidental bequests. This way of treating accidental bequests,
while not a realistic feature of US estate taxation policy, serves to highlight
the savings variability that is due to the structure of earnings. More realis-
tic models of the passing of accidental bequests would probably increase the
variability of savings rates across households.



4 Model Parameters

4.1 The Structure of Earnings

In the baseline earnings model (model 1), earnings are a deterministic func-
tion of age and all agents in the same age group receive the same earnings.
We consider three variations on this baseline model. In model 2 we allow
agents within an age group to have permanently different levels of earnings
while maintaining the assumption that earnings for any particular agent are
a deterministic function of age. In model 3 we allow an agent’s earnings to
depend on age and permanent idiosyncratic shocks. In model 4 we allow
earnings to be a function of age as well as both temporary and permanent
1diosyncratic shocks.

These earnings models are now described using the following notation.
Let y; and 7, denote the log labor endowment and the mean log labor endow-
ment of age j agents. Earnings will then be simply the product of a cornmon
real wage and an agent’s labor endowment. The four earnings specifications
are then given below, where all shocks () are independently distributed.?

Model 1: y; = g;

Model 2: y; = y;_1 + (§; — yi21)

Model 3: yj = y;_1 + (§; — yi=1) + €y

Model 4: Yi = Yji1 + (y__? - yj'_l) + €17 + €35 ~ €2,

The models are calibrated as follows. First, the values of the mean log
earnings are selected to match the US cross-sectional age-earnings profile.
The values of §; are common across all four earnings specifications. The US
profile is given in Figure 2.7° Second, the distribution of earnings y; across age
1 agents as well as the distribution of the shocks (€, and €;) must be specified
for models 2-4. The variables ¥y, €, and ¢; are all normally distributed, 1,
~ N{g1, 62), e ~ N(0, o? ) and €; ~ N(0, o?). Finally, the variances are
selected to be consistent with estimates of the earnings uncertainty present
at the household level and with estimates of the inequality in the distribution
of earnings. These values are listed below.

°In models 1-3 the labor endowment function is then e(z,7) = exp(z + y;), where in
models 1-3 z is defined as 0, {y;, — ;) and (y; — ¥5) respectively. In model 4, e(z, j) =
CSBP(ZI + y__‘r) and z = (21122) = ((yj' - yTj)l€2j)-

1OMultiply median earnings of men in cross-section data in 1978 {Social Security Bul-
letin} by labor force participation rates for each age group (Handbook of Labor Statistics).
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Model 2: 02 = .54

Model 3: o7 = .28, 0? = .01

Model 4: o, = .28, 07, = .01, 0% = .01

With these parameter values model 2 generates an earnings Gini coeffi-
cient within each age group of .40 and an overall Gini for the working age
population of .42. The overall Gini matches the average US earnings Gini
for men in the period 1958-77 calculated by Henle and Ryscavage (1980). In
models 3 and 4 we need to set the variances of the temporary and permanent
shocks to earnings. Carroll (1992) uses Panel Study of Income Dynamics
data to estimate the variance in the temporary and permanent shocks to log
earnings. He estimates that the permanent component of this log earnings
variance i3 .016 and that the temporary component is .027. With these es-
timates the model economies would generate an earnings Gini that is above
the US level. Therefore, we use these estimates as upper bounds and adjust
these variances downward so as to match the US earnings Gini. The vari-
ance of the permanent shock to earnings is set at .01 in models 3 and 4. This
implies that a one standard deviation shock raises or lowers CArNINgs perma-
nently by 10 percent. With this calibration the earnings Gini in model 3 goes
from .29 among age 1 agents to .45 among agents at the retirement age.!!
The overall earnings Gini is then .41 which is slightly below the US level. In
model 4 there are both permanent and temporary shocks to earnings. The
variance of the permanent and temporary shocks are both set at .01. Model
4 then produces Gini coefficients both within age groups and in the overall
distribution that are very similar to those in model 3.12

4.2 Other Parameters of the Model Economies
Table 2

"M set the earnings Gini for age 1 agents at .29 based on the following considerations.
First, Lillard (1977) and Shorrocks (1980) estimate that the earnings Gini for young agents
15 .254 and .268 respectively. I treat these as lower bounds as they include only agents
with nonzero earnings in the sample.

12We approximate models 2 and 3 with 20 points and model 4 with 60 points. In model
2 the shock z takes on 20 values between —50y, and boy, . In models 3 and 4 the perma-
nent shock takes on 20 values from —60,, to 6oy, . The temporary shock takes on 3 values
between —1.5¢,, and L.5e¢,,. All shocks are evenly spaced over these intervals. Transi-
tion probabilities are calculated by integrating the area under the normal distribution,
conditional on the value of the state (see Huggett (1995)).
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Model Parameters
B o A a & g N R s; n 1+ @ a
1.011 1.5 .89594 36 .06 .018 79 46 - 012 - 094 0, -w

The preference parameters (§, o) are set using a model period of one year.
The value of the discount factor 8 is Hurd's (1989) estimate in economies
where mortality risk is accounted for separately. The value of the coefficient
of relative risk-aversion o follows the values estimated in the microeconomic
studies reviewed by Prescott (1986) and Auerbach and Kotlikoff (1987).

The technology parameters (A, a, 8, g) are set as follows. The technology
level A is normalized so that the wage equals 1.0 when the capital-output
ratio is 3.0 and the labor input is normalized to equal 1.0. Capital’s share of
output « is set following the discussion in Prescott (1986). The depreciation
rate ¢ is set to match the US depreciation-output ratio following the estimate
of Stokey and Rebelo (1993). The rate of technological progress ¢ is set to
match the US growth rate of output per capita from 1950-92 as reported in
the Economic Report of the President (1994).

The demographic parameters (N, R, s;,n) are set using a model period of
one year. Thus, agents are born at a real life age of 20 (model period 1) and
live up to a maximum real life age of 98 (model period 79). Agents retire
at a real life age of 65 (model period 46). The survival probabilities 8; are
set according to the actuarial estimates in Jordan (1975). The growth rate
of the population n is set to equal the average population growth rate in the
US from 1950-92 as reported in the Economic Report of the President (1994,
Table B32).

Tax rates (7,0) are set as follows. The income tax 7 is set to match
the average share of government consumption in output. The measure of
government consumption is federal, state and local government consumption
as reported in the Economic Report of the President (1994, Table Bl1). As
the average ratio was .195 from 1959-93 the tax rate is set at 7 = 195/(1 —
6(K/Y)). The tax rate is greater than .195 as capital income is taxed only
after subtracting depreciation. The social security tax rate 6 equals the
average for the 1980s of the contribution te social security programs as a
fraction of labor income. The data on contributions come from Table M-
3 of the Social Security Bulletin and exclude unemployment and disability
insurance contributions.

The credit limit & is set at 0 and for comparison purposes at —w. A
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credit limit of 0 means that agents cannot borrow, whereas a credit limit of
—w means that agents can borrow up to one years average earnings in the
economy.

5 Results

This section is organized in three subsections. First, some of the general
features of the model economies are documented. Second, the main results
of the paper are described. Third, we investigate the sensitivity of the main
results to variations in the social security system by determining savings
behavior in the absense of any social security system at all. All of the details
of how the results reported here were computed are described in Huggett
(1995).

5.1 General Features of the Model Economies

Before discussing the properties of the model economies, we state our mea-
sures of wealth and savings. The concept of individual wealth we use in the
model economies is simply net asset holdings, & This choice reflects the
fact that the concept of wealth typically measured in the US data is one
that includes neither social security wealth nor the value of human capital.
The notion of individual savings used is then simply the change in net asset
holding across a period. Thus, savings for an age j household in state z is
a(z,7)(1 4+ ¢g) — & This measure of savings is equal at the aggregate level
to both economy-wide net savings (S) and private savings. This is because
government savings are always equal to zero.

Table 3 lists a number of the aggregate properties of the model economies.
All the model economies are able to approximate the average values of the US
capital-output ratio and the net savings rate in the post-war period. Model
economies 2-4 are all able to approximate the US income Gini.1? However,
none of the model economies matches the degree of concentration of wealth

13Avery et al (1984) report that the US income Gini was .39 in 1969, 42 in 1976 and
45 in 1982,
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in the upper tail of the US wealth distribution.!4

Table 3

Descriptive Statistics

Percentage of Zero or
Income Wealth in Top  Negative
K/Y S/Y r Gini 1% 5% 20%  Wealth (%)

Model 1

a= 2.89 087 6.4 18 2.4 11.442.0 12
a=—w 281 .084 6.8 19 2.5 12.0 44.3 20
Model 2

a=0 297 .08 6.1 42 9.7 32.2 68.3 13
a=—-w 285 .08 6.6 43 10.7 35.3 74.4 28
Model 3

a=0 298 .090 6.1 41 9.6 30.5 66.0 12
a=—w 287 .087 6.5 42 10.2 33.2 71.7 26
Model 4

a=0 298 .090 6.1 41 9.6 30.7 66.0 12
a=—w 288 .087 65 42 10.3 33.2 71.3 26

5.2 Savings-Income Ratios in Model Economies

Table 4 presents the main findings of the paper. The table presents the
savings implications of the model economies and for comparison purposes the
averages of the results reported by Kuznets.'® The findings are that a variety
of earnings structures imply that in cross-section data the average savings
rates are negative for low income multiples and increase as the multiple
of mean income increases. Furthermore, model economies 2-4 all produce

'See Huggett(1995) for a discussion of the stylized facts of wealth distribution and the
wealth distribution implications of model economies of this type.

151t is interesting that the model economies can match both the inequality in the US
earnings distribution for the working age population as well as the inequality in the income
distribution for the overall population while still missing the inequality in the wealth
distribution.

1%Savings rates at different income multiples are calculated by taking a 10 percent band
around each income multiple and then dividing total savings of agents in the band by total
income of agents in the band. Income is defined as earnings after social security taxes plus
interest income and transfers,
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quantitatively similar results that roughly approximate the magnitudes of
the average savings rates observed in US data. This is interesting as the
earnings structures differ significantly across these model economies. This
suggests that features that are common to all three model economies may
be key to generating this stylized fact of savings behavior. The presence
of largely permanent differences in earnings abilities across agents together
with the demographic structure and the structure of transfer payments are
common to all of these model economies. We argue below that these are
the key features of the model economies generating the observation. Thus,
we find that temporary earnings shocks play at best a secondary role in
producing the result.

Table 4
Savings Rates at Multiples of Mean Income
Income _
Multiple US* Model 1  Model 2 Model 3 Mode] 4
a=0 a=0 dg=-w a=0a=-w a=0a=-w
.25 -19.3 ] -74 -11.3  -94-15.2 -11.1 -18.1
.50 -1.3 -5.1 2904 2.11.1 1.8-1.4
75 4.8 -10.4 6.1 6.7 3.643 3.8 3.9
1.0 7.9 9.0 3.84.4 7.3 8.3 8.3 8.8

1.5 130 238 11.113.7 170 171 164 16.6

2.0 16.5 20,0 20.8  20.0 20.2  20.7 20.8
3.0 22.4 - 25.6 25.5 269265  26.1 26.0
4.0 27.1 - 28.929.7 288285 28.7 28.7
7.0 37.3 - 32.132.8 319324 33.3334
10.0 39.2 - 26.6 28.0 26,5264  28.9 28.6

* Averages from Kuznets (1953) and Projector (1968)

In the remainder of this section we attempt to understand the results in
Table 4 at a deeper level. We focus the analysis on models 2-4 as only these
models produce encugh income heterogeneity to match up to the Savings
data. Nevertheless, we start out by discussing the individual savings behavior
in model 1. This is because it helps in understanding the more complex
behavior in model 2. Figure 3 graphs the savings rates for an individual
agent over time in model 1. The savings patterns are determined by whether
after-tax income lies above or below consumption at a point in time. At the
beginning of life the borrowing constraint binds and there are no savings.
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Afterwards, after-tax income increases faster than does consumption and
therefore agents save. Agents save until just before the retirement age. At
this time earnings fall quite sharply while consumption continues to grow.
Thus, agents dissave a large fraction of income at this time. At age 65 all
agents receive retirement benefits. With the receipt of these benefits the rate
of dissavings is much more moderate. At extreme old age agents exhaust all
assets and hence savings rates are zero.

(Insert Figure 3 Here]

The savings patterns at the individual level in model 2 largely reflect
the patterns described for model 1. However, there are some important
differences as agents within a cohort have different levels of earnings. Figure
3 graphs the savings rates over time for agents with different earnings abilities
from the time of birth. Recall that there are 20 levels of earnings abilities
within an age group when the earnings process in model 2 is approximated.
An earnings level of 20 is the highest and 1 is the lowest level. Thus, the
figure shows that agents with high earnings ability (shock 15) save at higher
rates before retirement than agents with medium (shock 10) or low (shock
5) earnings ability. Given that all agents have identical and homothetic
preferences, one might have guessed that savings of any agent would have
always been proportional to the savings of any other agent in the same age
cohort. This is not true as social security benefits are not proportional to
contributions. In addition, agents receive a common transfer due to the
taxation of accidental bequests. Figure 4 shows that these transfers lead to
substantially different savings rates for agents in the same age group, even
without any differences in preferences.

[Insert Figure 4 Here)

We are now ready to describe how the behavior in model 2 aggregates
to generate the results in Table 4. First, the agents at low multiples of
mean income are largely the very youngest agents and also the agents just
before the retirement age. This fact can be read off of the cross-sectional
age-income distribution described in Figure 5. The agents at low income
multiples tend to have zero savings rates or are dissaving as Figure 4 shows.
When the credit limit is set to allow borrowing these savings rates are even
smaller as the young can dissave. As the multiple of mean income increases
the composition of the agents changes. There are more agents above age 25
when savings rates start to increase and there are fewer agents just before
the retirement age. Both of these considerations dictate that average savings

15



rates should increase. At higher income multiples the composition changes
to include higher fractions of middle-age agents and agents in the upper tail
of the earnings distribution for their age group. These agents have very high
savings rates as Figure 4 illustrates.

[Insert Figure 5 Here]

We now investigate the individual and aggregate savings behavior in the
models with temporary and permanent shocks. We focus the analysis on
model 4. One way to understand why the results for model 4 are so similar
to those for model 2 is to produce the analog of Figures 4 and 5 for model
4. This is done in Figures 6 and 7. Figure 6 shows that there are large
differences in savings rates within age groups at different percentiles of the
income distribution. The patterns in Figure 6 are similar to those in Figure 4.
We argue below that Figures 4 and 6 are similar mainly because of permanent
differences in earnings and the structure of the transfer systemn and only
partially because of the presence of temporary shocks. Figure 7 shows that
the age-income distributions in the two models are almost identical. Thus,
the models produce very similar results for the structure of savings rates at
given multiples of mean income.

[Insert Figures 6 and 7 Here]

One surprising feature of Table 4 is that the results of models 3 and 4
are so similar. A natural conjecture is that temporary shocks could be a
quantitatively important source of differences in savings rates at different
income multiples. The conjecture is based on the assumption that positive
temporary shocks will be largely saved, whereas negative temporary shocks
will be largely dissaved. High income groups should have a high fraction of
agents receiving positive temporary shocks and low income groups should
have a high fraction receiving negative temporary shocks. It turns out that
theory does predict this type of savings behavior. In particular, it is true
that off corners part of a positive temporary shock is saved and part of a
negative temporary shock is dissaved. Savings is partial in that it is strictly
between 0 and 100 percent of the after tax change in earnings produced by
the temporary shock. 7

"Here is a sketeh of the argument. Graph each side of the following Euler equation as
a function of a':

u'(resources — ') = Bs; 1 E[Vi(d', ', j + 1)|2]
The left hand side (LHS) is increasing in «’, while the right hand side (RHS) is decreasing
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We now measure the magnitudes of the marginal savings rates out of
temporary shocks. These marginal savings rates are defined as the ratio of
additional savings to the change in after-tax income produced by the shock.
We find that in model 4 the median marginal savings rate for the working-
age population is to 'save 94 percent of a temporary shock. This occurs
at both of the credit limits considered.’® When the credit limit is set to
allow borrowing (& = —w), the distribution of marginal saving rates in the
economy is quite concentrated around the median. The central 80 percent
of the distribution of marginal savings rates in the economy lies between 89
and 97 percent. When the credit limit is set at zero, marginal savings rates
are not as concentrated around the median. A high percentage (12 percent)
of agents are exactly at the corner of the borrowing constraint. These agents
have low martginal savings rates. The remaining agents in the economy have
marginal savings rates that are quite concentrated around the median value.

To understand why the results in Table 4 for models 3 and 4 are so
similar consider Figure 8. This figure graphs savings rates in model 3 within
age groups at different percentiles of the age-specific income distribution.
Figure 8 is quantitatively very similar to Figure 6. Thus, the large differences
in savings rates within age groups occur even without temporary shocks.
This result is driven by permanent earnings differences and the structure of
transfers as in model 2. It is' therefore clear why temporary shocks are not
quantitatively very important even though the marginal savings rates out of
these shocks are large. The answer is simply that there are already large
differences in average savings rates at different percentiles of the age income
distribution. Thus, the high marginal savings rates do not dramatically alter
these average savings rates unless the magnitude of the temporary shocks is
much larger. These shocks have a standard deviation of 10 percent of income.

[Insert Figure 8 Here]

To close this section we ask the following question. To what degree do the
results in Table 4 depend on differences in savings rates within age groups
versus simply differences in average savings rates across age groups? To
answer this question we set savings rates of all agents withmn an age group
equal to the average for the age group. This involves changing the decision

in a’ by concavity of V. A positive temporary shock shifts the LHS towards the right
without affecting the RHS. This demonstrates the claim.

*¥1t also occurs both when comparing the savings change in moving from the middle to
the high temporary shock and in moving from the middle to the low temporary shock.
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rule a(z,j) in a simple way. The results of this experiment are shown in
Table Al in the Appendix. The findings are that there is still some tendency
for savings rates to increase with income even without differences in savings
rates within age groups. However, at a quantitative level the differences
in savings rates within an age group are quite important in producing the
results in Table 4.

5.3 What is the Role of Social Security?

The results from the previous section indicate that permanent earnings dif-
ferences together with the structure of transfer payments are features which
are capable of producing qualitatively and to some degree quantitatively the
cross-section pattern of US household savings rates. In this section we an-
alyze the sensitivity of this result to changes in the social security system.
The motivation for the sensitivity analysis comes from three main sources.
First, there have been large changes over time in US government transfer
institutions. In particular, before 1935 the US social security system did not
exist. Since then the magnitude of government supported inter-generational
transfers have increased substantially.!® Second, the resulls in Table 4 could
be quite sensitive to changes in the importance of transfer payments. This
1s because savings rate differences within age groups were quantitatively im-
portant in producing these results. These differences in savings rates were
due in part to social security transfers. Third, the data from Kuznets (1953,
Table 48) for 1929 show that high income households saved on average a sub-
stantially higher fraction of income than low income households even before
the US social security system was established 2 Thus, if the resuits in Table
4 were particularly sensitive to changes in transfers, then the explanation of
the US cross-section savings facts offered here would be much less convineing,.

In this section we consider a transfer system in which all social security

191t is quite possible that social security acted at least in part to replace transfers that
were already occurring within extended families or across families. Thus, it would be
interesting to know something about the structure of transfers in the US before social
security was formally introduced.

*Kuznets provides two separate estimates in 1929 for savings rates at diflerent income
multiples. We list in Table 1 Kuznets’ preferred estimate. The other estirate produces
lower savings rates at high income multiples. Nevertheless, both estimates show large
differences in saving rates at different income multiples.
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transfers are eliminated while still maintaining the transfers that come from
the taxation of accidental bequests. Thus, the social security tax is set
at zero. This is an extreme way of examining model sensitivity. Transfer
systems that are intermediate between the no social security system examined
here and the system analyzed in Table 4 are likely to have properties lieing
between these extremes.

Table 5
Savings Rates at Multiples of Mean Income: No Social Security
Income
Multiple US*  Model 2 Model 3 Model 4
=0 d=-w a=0ad=-w &=0 d=-w
.25 -19.3  -48.2 -48.9 -54.5-59.1 -50.8 -58.0
.50 -1.3 2.0-3.7 1.4 0.7 0.4-0.8
15 4.8 11.1 10.2 17.7 16.2 17.0 16.3
1.0 79 241226 249243  24.5 24.0
1.5 13.0 273279 274279 29.4 2906
2.0 16.5 327333 307310 32.6 32.7
3.0 224 344352 349350 35.235.3
4.0 271 35.736.2 34.634.8 36.7 36.9
7.0 373 262268 37.137.4  38.2 383
10.0 392 203205 244247 30.3 30.1
* Averages from Kuznets (1953) and Projector (1968)

The main findings of the sensitivity analysis are presented in Table 5.
Table 5 shows that, without social security, savings rates still increase with
the multiple of mean income. In fact, the differences in savings rates at dif-
ferent income multiples are even greater than the results in Table 4. W hy
is this so? To answer this question consider Figures 9 and 10. These figures
characterize, respectively, the age-income distribution and the age-savings
rate distribution in model 2 without social security transfers. Figure 9 shows
that the agents at the lowest income multiples are largely well into retire-
ment. It is clear from Figure 10 that these agents are dissaving at high rates.
Thus, it is clear why these models produce lower savings rates at low income
multiples than in the same models with social security transfers. It is simply
that with social security the lowest income households were the youngest
agents, whereas in the absence of social security these agents are mainly the
oldest agents. At higher income multiples the composition changes to include
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groups that are either in the middle of their life cycle or are in the upper
part of the income distribution for their age group. These agents have very
high savings rates as Figure 10 demonstrates.

To what degree do the results in Table 5 depend on differences in savings
rates within age groups versus differences in average savings rates across age
groups? It is apparent from Figure 10 that there are differences in savings
rates within age groups, although the differences before retirement between
middle (shock 10) and high (shock 15) earnings abilities appear to be smaller
than with social security transfers. The answer to this question is given
in Table A2 in the appendix. In this table we set all savings rates in an
age group equal to the average of the group. The findings are that savings
rate differences across age groups are the dominant cause of why savings
rates increase with income in cross section when there are no social security
transfers. This is true of all the models.

[Insert Figures 9 and 10 Here]

6 Conclusion

The paper attempts to understand why high income households save on av-
erage more than low income households in US cross-section data. The main
findings are that the calibrated life-cycle economies that we consider predict
this type of behavior. The key features of the model economies that produce
this savings behavior are the age structure, the structure of social security
transfers and the presence of largely permanent differences in earnings across
households. We also find that neither preference heterogeneity nor a specific
pattern of earnings shocks were essential in producing this result. The fact
that temporary earnings shocks have only a modest contribution to decreas-
ing the savings rate at low incomes and increasing the savings rate at high
incomes was a surprising finding of the investigation. Without a social secu-
rity system, the model economies also predict that high income households
save more than low income households. However, the role played by the fact
that households differ in age is much more important in the absence of social
security transfers.

The finding that features of the transfer system are quantitatively im-
portant in explaining savings observations mirrors the results emphasized by
other researchers. In particular, Gokhale, Kotlikoff and Sabelhaus (1995)
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argue that the decline in US savings rates since the 1980’s can be traced in
part to the increased importance of government supported intergenerational
transfers from the young towards the old. Hubbard et al (1995) argue that
low levels of wealth holding for some segments of the population can arise
when the receipt of a transfer is conditioned on the level of wealth holdings.

The model economies investigated here have a number of empirical im-
plications that could be used to judge the plausibility of the explanation of
the relation between savings and income in cross-section data advanced in
this paper. One of these implications is that US savings rates and age in
cross section in recent decades should resemble the pattern in F igures 4, 6
and 8. The key feature of these figures is that savings rates typically increase
within an age group as income increases.?! This should hold for age groups
that are short of the retirement age. For age groups that are past the age
of retirement we already know that the strong dissavings properties of these
figures (almost everyone dissaves) are not a feature of US data.2? (Mention
the data in Atanasio (1994) here.) Time will tell if more satisfactory models
of savings behavior will have similar implications for the importance of age,
earnings and the structure of transfers {or explaining cross-section savings
behavior.

1 Computations of the importance of savings rate differences within age groups versus
across age groups for the cross-section facts could also be done with US data. It would
be interesting to see if the within-age-group effect for the cross-section facts has become
more important as social security transfer payments have become more important.

2See Kotlikoff (1989 Ch. 2) and Hurd (1990) for a review of and a guide to the empirical
literature on this topic.
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7 Appendix

Table A1
Savings Rates at Multiples of Mean Income
[Equal Savings Rates within Age Groups)
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Income
Multiple US* Model 2 Model 3 Model 4
4=0a=-w a=04=-w @=0éa=-w
.25 -19.3 8.2 10.3 7.4 8.0 6.8 5.4

.50 -1.3 9523 6.00.0 5.80.
19 4.8 10.8 12.3 7.79.6 8.3 9.6
1.0 7.9 7.16.8 x 12.012.3 13.1 13.1

1.5 13.0  10.713.6 17.0 16.7 16.8 16.5
2.0 165 17.418.0 16.7 16.7 17.5317.3
3.0 224 19.218.5 19.0 18.5 18.3 18.1
4.0 27.1 199205 17.6 174 17.817.8
7.0 373 274235 17.5 18.6 18.7 19.0
16.0 39.2  29.131.0 17.7 18.7 19.8 20.3
* Averages from Kuznets (1953) and Projector (1968)

Table A2
Savings Rates at Multiples of Mean Income: No Social Security
[Equal Savings Rates within Age Groups]

Income

Multiple TUS" Model 2 Madel 3 Model 4
a=0di=-w a=0a=-w a=0 id=-w
.25 -19.3 -52.9-60.0 -49.2-51.6 -50.8-50.4

.50 -1.3 7.4 6.1 7.36.2 0.4 5.2
.75 4.8 20.7 21.3 21.2 20.0 17.1 19.6
1.0 7.9 2712275 26.7 26.1 24.525.5
1.5 13.0  30.7 30.0 26.8 27.2 25.5 28.7
2.0 16.5 32.232.6 29.1 29.2 32.6 30.3
3.0 224 33.1323 3¢.7 30.7 35.1 3L.5
44 271 34.534.7 29.2 29.5 36.7 31.7
7.0 373  36.036.1 32.7 33.1 38.1 32.9
10.0 39.2 373373 30.0 30.1 30.3 33.0

* Averages from Kuznets (1953) and Projector (1968)
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-0.24
-0.4-
-0.61
-0.8-
9 -
~1.2+
-1.4+

0.4 _
0 H[%ﬁ1#H+*H++H++H++H++%q:: M

'1.6 IIIIIllIIIlII?l]lllllillllllllllllll|Illll.]IllIIITITTIIIIIIIlillllfltillllllll

20 25 30 35

40 45 50 55 60 65 70 75 80 85 90 95

Age

—— shock 5

— shock 10 —— shock 15

¥ J9o14



Age - Income Distribution
Model 2, credit limit=0
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Age - Income Distribution
Model 4, credit limit=0
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Age - Income Distribution
Model 2, credit limit=0, no social sec.
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