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ABSTRACT

A new empirical analysis of aggregate United States consumption and
saving for the period 1947-80 is presented. The model is based on the
theory of exact aggregation. It recognizes explicitly that households with
different characteristics may be heterogeneous in their behavior and that
aggregate behavior may depend on the changing composition of households by
characteristics and therefore may not be adequately portrayed by a
representative consumer, but otherwise it imposes minimal assumptionms on
household behavior. The model integrates longitudinal and cross-sectional
microeconomic data on household characteristics with the traditional
aggregate time-series data. Various hypotheses on consumption, such as age
independence, proporticnality to wealth, and price independence, are tested
and rejected. Strong evidence of relative price effects and a systematic
variation of aggregate consumption with changing age digtribution of wealth
in the econemy is found. Especially important is the substantial estimated
difference in the shares of wealth consumed between households headed by
persons born prior to and these born after 1939. One important lesson from
this study is that modeling the aggregate U.5. economy as a representative

consumer may give rise to misleading results.
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1. Introduction

The consumption and saving behavior of an economy reveals much about
the nature of its soclety, since it reflects its wvalues, institutions,
incentives, and demographics. However, a large number of conceptual and
empirical issues cloud analyses and interpretations of postwar U.S.
consumption and saving. It is by now well known that, as conventionally
measured, the postwar U.S. saving rate is low by international standards,
and that it has fallen since the 1950s and 1960s. Simultaneocusly, the
average annual rate of growth in real consumption rose from 2.74% in the
period 1950-1962 to 3.45% in the period 1963-80, an increase of 25%. Had
consumption continued growing at its slower early postwar pace, annual real
consumption would have been at least 10% less by 1980 than in fact occurred.
The difference amounts to approximately 8% of GNP (or approximately double
the annual federal budget deficit). The cumulative value of this extra
consumption from 1963 to 1980 rivals the value of output lost in all postwar
recessions combined. What were the proximate causes of these changes?

Among the more interesting and important empirical questions are the
extent to which changes in relative prices (e.g., real after-tax rates of
return to saving) and demographics (as reflected by the shares of wealth
held by households headed by persons of different ages and vintages) affect
aggregate consumption. These issues are important as an explanation of
recent economic history, and possibly as a guide to understanding the
factors tﬁat may affect the future course of consumption and saving and the
implications of alternative economic policies. The effects of public debt
and Soclal Security on the level of private saving, the "interest

elasticity" of saving, and hence the optimal tax treatment of saving, are



not only current policy issues but have been the subject of much analytical
and empirical research in the past decade.

Since the aggregate saving rate is the net result of adding the saving done
by all households deing positive saving and subtracting the dissaving of all
households dissaving, analyses of aggregate consumption and saving must also
come to grips with the problem of aggregation to the extent that the households
are heterogeneous (see Gorman (1953), Lau (1982), and Jorgenson, Lau, and
Stoker (1980, 1982)).

Much recent research on saving behavior has focused on tests of the leading
models of saving behavior such as the lifecycle hypothesis (LCHj or the
intergenerational altruism model (IGA), also known as the Ricardian equivalence
hypothesis. This is not our purpose here. Rather, it is to identify, analyze
and account for empirical regularities, if any, in the postwar consumption and
saving behavior of U.5. households. We do this by merging longitudinal and
cross-sectional microeconomic data on various household characteristics, such as
age cross-tabulated by income (or wealth), with aggregate time-series data such
as those on consumption, income, wealth, prices, wage rates and interest rates.
In the process, we also develop measures of and trends in aggregate household
wealth and its composition, including the shares of wealth held by househelds
headed by persons of different ages. We then analyze the share of aggregate
wealth consumed in current purchases of goods and services and also of
leisure.l We do this in a moedel that imposes minimal behavicral assumptions
on the households. We maintain that household budget constraints are
identically satisfied and households have "no money illusion", but we do not

1. Leisure per person per year is measured as the difference between the maximum of
hours available, defined tc be 4400 hours per year, and the actual number of
hours worked.



assume utility maximization on the part of the housshelds, nor any functienal
restrictions on the structure of household demands, such as inter- and/or intra-
temporal separability (which have been prevalent in the tests of the lifecvele
and intergenerational altruism models).

Instead, we ask the straightforward questions: Can the integration of
these longitudinal and cross-sectional microeconomic data with the aggregate
time series data, subject te our minimal behavioral restrictions and "exact
aggregation" conditions, provide an adequate empirical model of postwar U.S.
consumption and saving? And 1f so, can the model be used to assess the
importance of various factors affecting aggregate consumption and saving in
the postwar period and to account for the growth of aggregate consumption on
the basis of these factors? One might view this work as an integration of
traditional aggregate time series consumption function estimation and growth
accounting, but incorporating microeconomic data, paying attention to the
development of age-specific household balance sheets, and applying the
theory of exact aggregation,2 We test for the effects on aggregate
consumption of some potentially importan; factors such as the age
distribution of wealth, relative prices, and vintage.

2. We also include leisure, which is generally omitted from most studies of
aggregate consumption, in our study.

3. A cautious interpretation would be that our results provide us a good
explanation of the aggregate consumption and saving behavior and thus
represent a useful reconstruction of recent economic history. A less
cautious interpretation, the plausibility of which we leave to the reader,
is that the results can be given a structural interpretation which hears on
some of the issues vaised above. While we are sacrificing some of the
advantages assoclated with assuming an imposed structure such as utility
maximization by a representative consumer with intertemporally additive

and statlonary preferences, we gain substantial flexibility at the expense
of some added cautien in interpreting the results.



The results themselves are striking: we find substantial age effects cn
consumption and leisure, which suggest that policies which shift resources
among age groups are likely to affect aggregate consumption and saving; the
"interest elasticity" of aggregate savinga is -0.5 in 1972 and 0.5 in 1980
with wealth held comstant, but essentially zero in 1972 and 0.1 in 1980 when
one includes the Summers’ effect, 1.e., the revaluation of human wealth when
real after-tax rates of return change. We find a significant vintage
effect, i.e., hﬁuseholds headed by persons born since 1939 consume a much
larger fraction of their wealth than persons born prior to 1939 at the same
age, other things being equal. We also present formal tests of various
hypotheses concerning aggregate consumption and leisure: unitary wealth
elasticity; proportionality of expenditures to wealth; intertemporal
separability of household demand functions; and the absence of real interest
rate and relative price effects. All of these hypotheses, with the
exception of intertemporal separability, can be rejected at the l-percent
level of significance. Each of these results is individually quite
interesting and important. Together, they supplement previous empirical
research and we believe add an important new insight to the understanding of
aggregate consumption and saving behavior in the postwar United States.

Our paper is organized as follows: Section 2 presents a brief review of
the recent literature on the determinants of aggregate consumption and saving.

4. The "interest elasticity” of saving varies considerably across age cohorts
and across households with different ratios of nonhuman to human wealth.
These elasticities are evaluated at the 1972 and 1980 values of the
independent variables respectively. See Section 4 below.



It is not meant to be exhaustive, but to enable the reader to place the novel
aspects of our research in perspective, with respect to both their strengths and
potential limitations. We discuss issues of aggregation, age effects, relative
price effects, estimates of the intertemporal elasticity of substitution and/or
interest elasticity of saving, etc. We find that various approaches have both
strengths and weaknesses, and that this is inherently true of virtually any
approach to analyzing the aggregate data. Our conclusion is that while our
approach is not free of its own limitations, it does add considerable novelty in
terms of the construction and treatment of the data and the specification of the
econometric model of aggregate time series consumption behavior.

Section 3 presents the basic structure, rationale, and maintained
hypothéses of the model. We discuss in some detail the theory of exact
aggregation and our use of it.5 Also presented are the comparative static
effects on consumption, leisure and saving of changes in factors such as the
prices of consumption and leisure, wealth and real after-tax rate of
interest. A discussion of the limitations of the model, including its
partial equilibrium nature, is given. Readers not interested in the
technical details of the derivations may skip to Section 4.

Section 4 presents our empirical results. We begin with a brief
description of the data, which include aggregate data taken from relatively
traditional sources and our integration of various longitudinal and cross-

sectional age-specific individual household data with the aggregate data.

5. For a detailed discussion of the theory of exact aggregation, see Lau
(1588).



.We report the model specification, parameter estimates, and the fit of the
econometric results, In the aggregate, the model fits the data quite well
by the usual statistical criteria. We also discuss the results of the
statistical tests., We interpret the estimates of some important parameters,
such as the interest elasticity of saving, defined in various ways, and

for alternative values of other variables.

We also compare our formulations and results to other typical aggregate
time series results. This is important not only to clarify the nature of
our results, but alsc to facilitate the comparison of our results to those
of the more traditional approach which analyzes aggregate consumption as a
function of aggregate income and possibly nonhuman wealth, since we analyze
the shares of aggregate wealth consumed, where wealth includes human and
nonhuman wealth, as a function of aggregate wealth and other variables.

We also discuss the implications of the estimated age profile of
consumption and saving. It follows a pattern that is consistent with a weak
form of the "hump saving" theory of Harred (1948) and the insight of the
lifecycle hypothesis that the propensity to consume varies with age. We
also highlight the vintage effect, in which households headed by persons
born since 1939 have a substantially higher consumption, and hence lower
saving, propensity than those born prior to 1939, other things being equal.
Among other implications, these results suggest that the typical
"representative consumer” models estimated on aggregate time-series data may
be quite misleading. We discuss the implications of this demographic
feature of saving behavior for the future of aggregate saving in the United
States, and pose some puzzles related thereto.

Section 5 provides an interpretation of our results. We decompose the
growth in aggregate real consumption in the United States for the period

1950-1980 into components corresponding to the various factors affecting the



growth of consumption, such as populatien énd household growth, and changes
in the average real wealth per household, the age distribution of wealth,
real after-tax wage rates, real after-tax rates of return, female labor
force participation rates, the unemployment rate, the share of wealth held
by households headed by persons born prier te 1939, etc. These
decompositions reveal interesting features of the factors associated with
the postwar growth of aggregate real consumption iIn the United States and,
in addition, illuminate the comparison of real consumption growth over
different time periods in which the trends in these factors may differ
substantially.

Section 6 presents a discussion of our results in the context of wvarious
analytical, empirical, and policy issues. We discuss the basic conclusions of
our research in relation to otﬁer previous research, including both the
advantages and limitations of these new results and an agenda for future
research along these lines to complement other approaches to research on
aggregate consumption and saving behavior.

A brief discussion of our data and methods is presented in the Appendix.6

2. A Brief Review of Research on Consumption and Saving

In the last fifteen years, there has been an explosion of research on
consumption and saving beﬁavior. This research has attempted to achieve several
goals, explored several different types of data and empleyed alternative
methodologies. It cannot be our purpose here to survey any of these lines of

research fully. Further, while the research ought to be complémentary among the

6. A more detailed discussion of the data is available from the authors on request.



different lines, often the work within a particular methodological approach
either Llgnores or is just unsympathetic to the results of research of other
approaches. Without commenting further on this issue, we turn to a brief
discussion of each of these lines of research.

First, there has been a substantial explosion of research along what might
be termed extension of traditional time series aggregate consumption function
estimation. Whether or not the lifecycle hypothesis of Modigliani and Brumberg
(1954) is maintained in the specification of the consumption relation, the basic
approach has been an attempt to expand the traditional set of factors thought to
influence aggregate consumption in a given period, and to derive better measures
of, or proxies for, the relevant variables such as permanent income, wealth, the
govermment budget deficit, or other fiscal and monetary variables. Farticularly
influential has been a series of studies of the effect of expected future Social
Security henefits on saving, beginning with Feldstein (1974). While the debate
is hardly over, we believe that a sensible reading of the evidence would be that
each dollar increase in expected future Social Security benefits results in a
decrease in private saving of about twenty-five to fifty cents. The interestead
reader should consult Feldstein and Barro (1978), Darby (1979), Leimer and
Lesnoy (1982), Bernheim (1987) and the methodological criticism of Auerbach and
Kotlikoff (1982).

The interest in the effects of fiscal policy on consumption was given
added impetus by the modern restatement of the Ricardian equivalence
hypothesis by Barro (1974). This model, also known as the intergenerational
altruism model, has the striking time series implicati&n that changes in the
age distribution of resources should not affect aggregate consumption,
conditional on aggregate resources, because transfers among cohorts will
result in exactly offsetting consumption and saving behavior so as te

maintain aggregate consumption constant. Moreover, under certain



conditions, a shift from tax to debt finance, given the level of government
spending, will not affect consumption or national saving as government
borrowing would be offset by increased private saving in anticipation of
increased future tax liabilities. Numerous time series consumption function
studies of this phenomenon and attempted tests of the Ricardian equivalence
hypothesis are surveyed and criticized in Barth, et al (1984) and Bernheim
(1987). Two important papers are those of Feldstein (1982) and Kermendi
(1983) which disaggregate fiscal variables and measure them in several ways.
Boskin {1987) extends the measurement of govermnment deficits and debt in
several important ways and incorporates these in estimates of consumption
functions and in analyses of the effect of deficits on the composition of
GNP. While the results of these studies are not uniform, and are subject to
some methodological criticisms (see especially the discussion in Bernheim
(1987)), the bulk of the research results tends to reject a strict
interpretation of the Ricardian equivalence hypothesis. Most studies also
reject complete Keynesian myopia and estimate that future taxes are
partially anticipated. Perhaps a quasi-comsensus estimate is that a one-
dollar debt for tax substitution would increase consumption about thirty to
forty cents (see Boskin (1988)).

A more direct test, less susceptible to some of the criticisms of the
traditional time series consumption functions, is performed by Boskin and
Kotlikoff (1985). They build a finite approximation to an intergenerationally
altruistic infinitely-lived optimal consumption program and test whether the age
distribution of resources affects consumption. One of the striking implications
of the Ricardian equivalence hypothesis is that the age distribution of
resources should not affect aggregate consumption, given the aggregate level of

resources. DBoskin and Kotlikoff (1985) reject this implication of the Ricardian



eguivalence hypothesis.

Of course, the lifecycle hypothesis and the Ricardian equivalence
hypothesis, while conflicting theories of aggregate consumption and saving
behavior with drastically different implications for the efficacy of fiscal
policy, do not exhaust the potential set of possibilities. The strict lifecycle
hypothesis with an expected average propensity to consume over the lifecycle of
unity -- i.e., no planned bequests -- is also usually rejected by the data in
two types of tests. It is important to note that it is usually this strict
form of the lifecycle hypothesis, not the potential insight of consumption
smoothing or the age distribution of resources affecting aggregate consumption
(with or without a planned bequest motive), and therefore, the potential for
fiscal policy to affect consumption and natiomal saving, that is being tested.
A weaker form of the lifecycle hypothesis with planned bequests or some convex
combination of the lifecycle hypothesis and other models of saving could still
leave some role for fiscal poliey.

The two types of tests of the lifecycle hypothesis are based on the saving
or dissaving behavior of the elderly and existence or non-existence of "forward-
looking" behavior by consumers in time series studiles. Basically, the first
type of test attempts to see how wealth varies with age. The strict form of tHe
lifecycle hypothesis suggests that the elderly should be dissaving. Mirer
(1979), Darby (1979), David and Menchik (1981), Danziger, et al (1982), and Kurz
(1984) all report results from cross-section data that the elderly seem not to
dissave, and in fact, may continue to save. This empirical finding has
questioned the applicability of the strict form of the lifecycle hypothesis.
Related studies attempting to examine consumption and earnings paths of
households to see if aggregate saving can account for a substantial fraction of

the capital stock also typically reveal that there is a large unexplained
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residual (see Kotlikeff and Summers (1981)).7

Bernheim (1284) and Diamond and Hausman (1984) use longitudinal data to
examine the extent to which the elderly save or dissave. Both studies find that
the elderly do dissave after retirement, although the extent of dissaving is not
large in all cases. Hurd (1987) presents an interesting anmalysis in which the
retired elderly in the sample dissave, and therefore, the wealth-age
relationship of the elderly is consistent with the strict lifecycle hypothesis.
An interesting test for a bequest motive is whether the saving of the elderlwy
who have living children differs from those who do not. Hurd finds no evidence
for a bequest motive via differential saving of those whe have living heirs.

The second type of test stems from the pioneering work of Hall (1978) and
Sargent (1978). These studies use the estimated Euler equations derived from
the first-order conditions for optimal consumption behavior under uncertaintyv.
As noted by Hall, this suggests that consumption should evolve as a random walk
or that changes in consumption should not be predictable. Hall (1986) Ffurther
observes that "the empirical work testing this proposition says, in sum, that
consumption is fairly cleose to a randem walk, bﬁt certain variables have enough
predictive power that the hypothesis is rejected in formal statistical tests.”
These studies estimate the parameters of a stochastic difference equafion for
consumption, in which the influence of wealth and income ¢on consumption should
be zerc. The basic question is often interpreted as whether there is an excess

sensitivity of consumption to income which cannot be explained by people fully

7. This study contained a mathematical error which when corrected would increase
the fraction of the capital stock which can be accounted for by lifecycle saving
from 20% to 50% -- still far less than the total.
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rationally optimizing over a long time horizom. Among the more influential
papers in this tradition are Flavin (1981l), Hayashi (1982, 1983), and the
microeconomic data exploration of Hall and Mishkin (1982}, which concludes that
about four-fifths of consumers could be modeled as if they were maximizing over
a long time horizon, whereas one-fifth could not. The traditional
interpretation of these results is a test for liquidity constraints (rather than
following rules of thumb or some other interpretation).

The Euler equation approach involves several important advances,
especially the ability to circumvent the thorny issue of measuring permanentc
income. However, most of these studies assume rather strict maintained
hypotheses, e.g., maximization of a utility function (usually taken to be
intertemporally additive and stationary), that the econometrician can
specify the information set available to consumers at each point in time, or
more precisely, that innovations in information can be accurately measured
and modeled. For example, the respomse to a change in fiscal policy may
depend upon the entire previous.history of certain variables, as these may
determine the subjective probability distribution of future fiscal decisionms
as seen by the consumer. Even more importantly, in aggregate time series
studies, 1t is usually assumed that the economy can be modeled as a single
representative consumer. This notion has come increasingly into disreputs
for a variety of reasons. One is the vast array of empirical results
suggesting substantial heterogeneity in saving behavior; the theoretical
underpinnings, e.g., of the lifecycle model, suggest that differences in age
may matter; another is the studies finding a substantial fraction of the
general population liquidity constrained (Hall and Mishkin (1982)), and of
the elderly liquidity constrained (Hurd and Boskin (1984}). Some analyses
are beginning to explore the ramifications of heterogeneity, e.g., in wages

or wage prospects and their implications for liquidity constraints (Hubbard
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and Judd (1987), for example). The.influence of this offshoot of the
rational expectations hypothesis from macroeconomic theory is substantial,
but the empirical usefulness of the aggregate time series studies is clouded
by the aggregation issue; when there are two or more types of consumers,
the estimation procedure breaks down and the simple interpretation given to
the results is inappropriate.

There have alsc been several attempts to examine the theoretical
underpinnings of the lifecycle hypothesis and their implications for
aggregate consumption and employ wvarious advances in technique in
reestimating aggregate consumption relations. Particularly important are
the papers of Blinder and Deaton (1985) and Deaton (1986). These papers
indicate that aggregation is important te issues of interpretation of the
effects of various variables on aggregate consumption, such as interest
fates; that distinguishing between fiscal actions.perceived as temporary
rather than permanent is important; and that model specification may have
much to do with estimates of the degree of tax discounting,.

Much ewmphasis has been placed on the degree of intertemporal
substitutability or in more traditional terminclogy, the "interest
elasticity” of saving. Boskin (1978), Summers (1981, 1982, 1984), Hansen
~and Singleton (1983) and Hall (1985) are the most often quoted studies, and
come to rather different conclusions based on their different methodologies
and data. In the traditional appregate time series framework, small and
statistically significant positive interest elasticitles of saving are found
in Boskin (1978}, somewhat larger ones by Summers (1982). Howrey and Hvmans
(1980) criticize some of this work although they focus on only a wvery small
component of personal saving. The issue of the degree of intertemporal

substitutability is important to real business cycle theory and has been a
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subject of much debate. Hansen and Singleton (1983) estimate substantial
intertemporal substitutability, whereas Hall (1985) questions this
conclusion and finds little evidence of intertemporal substitutability.
Whether one wants teo accept all of the maintained hypotheses in estimating
the intertemporal substitutability parameters (such as utility maximizatlion
itself, or the usual intertemporally additive and stationary functional
form) and the methodology used is an open question. Problems also arise in
the interpretation of studies estimating interest elasticities of
consumption in structural consumption functions, since careful attention is
not always paid to a precise definition of the coﬁceptual experiment under
consideration, such as what is presumed to be constant or allowed to vary.

Perhaps a tentative summary of recent research on consumption and saving
would include the following:

(1> No single model of consumption behavior, for example, the strict
lifecycle hypothesis or the Ricardian equivalence hypothesis, is sufficient to
explain aggregate consumption fully. Both thecories are strongly rejected in
studies based on aggregate time series data, and the former is strongly rejected
in most studies of the dissaving behavior of the elderly.8

{2) There is substantial heterogeneity among consumers. This
heterogeneity may be a function of age, the steepness of earnings and desired
consumption profiles leading to liquidity constraints, or a host of socisal,
psychological, envircmmental, histecrical, and economic variables.

(3} The age distribution of rescurces, given their aggregate level,

8. See, however, the important exception of the recent findings of Hurd (1987).
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appears to affect aggregate consumption.

While substantial controversy still surrounds these issues, recent
methodological, data, and measurement advances hepefully will allow us teo
improve our understanding of them. This paper is one attempt to do so. Our
results complement the strands of research described above without necessarily

malntaining the standard hypotheses contained within each of them.

9. See, for example, Boskin and Kotlikoff (1983).
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3. The Model

3.1 Specification of the Variables

We begin by considering the determinants of the values of consumption
(including both goods and services) and leisure expenditures of the current
period, tth, appropriately imputed as necessary, of an individual, say the ith,
household. Real consumption expenditure of the ith household in the tth period,

c is assumed to be a function of the spot prices of consumption, P and

ic!

leisure (or equivalently the after-tax spot wage rate) v, of the current, tth,

£
period and the forward prices of consumption, P%,t+t” and leisure,
w%t,t+t" of future, t+t’th, pericds in the current period, total wealth wit’

consisting of human (HWit) and nonhuman wealth (NHWit) of the ith household in
the current period and the wvalue of its set of demographie attributes, Ait’
which includes wvariables representing the age of the head of the household, in

the current period. The individual household’'s consumption expenditure function

for the current period may thus be written as:

% * - % -
3.1 Eie@PoPE o1 P eori Yio e el Y e Mt

Pelie
where T, a positive integer, is the length of the planning horizon, which is set
sufficiently large so that it may be taken to be independent of the wvalue of the
set of attributes Ait and t itself. (OFf course, it is entirely possible,
depending, for example, on the age of the head of the household, which is

included in the set of attributes, A, that the forward prices of sufficiencly

it’
distant future periods may have no effect on the values of the consumption and
leisure expenditures of the current period.) As specified in equation (3.1},
all households are assumed to face identical spot and forward prices of

consumption but are allowed to have individual household-specific consumption

expenditure functions, as well as individual household-specific spot and forward

1é



prices of leisure, wealth and set of attributes in each period. 1In addition,
the consumption expenditure functions are assumed to be stationary with respect
to time (but not necessarily with respect to age). What this means is that the
consumption expenditure of a household headed by a person aged 45, for example,
will be the same in each period if the current and forward prices, wealth and
set of other attributes remain unchanged. Thus, changing individual household
tastes are ruled out in our specification except insofar as they are embodied in
the changing value of the set of attributes over time,.

Similarly, the ith household’'s leisure expenditure function for the current,

tth, period may be written as:

(3.2) w_ 2 _=f

* vi
ic?ic = fiz PP 410 0P CAY-SURIN S o83

* W, Wk R 3 W
£, t+T" "it’ it t+l ic, e+T ic

3.2 Relationship Between Spot and Forward Prices

Futures markets are far from complete and forward prices of consumption and
leisure, to the extent that they exist meaningfully for an individual household
in its household decision-making process, are not generally directly observable.
It must nevertheless be true that the consumption expenditure of an individual
household in the current pericd depends in general not only on the prices of the
current period, but also on the expected prices of the future periods (or more
properly speaking, the (possibly subjective) joint distribution of prices of
future perlods). As these future (spof and forward) prices are not generally
observahle, some assumptions on the expectations of the individual households
are necessary in order that equations (3.1) and (3.2) may be made operatiomal.
We make the following simplifying assumptions with respect to the current and
future prices of consumption and leisure:

(1) The expected spot prices of consumption of all future periods,

17



r

crr S taken at and conditional omn the spot price of consumption of the

P
current period, are assumed to grow geometrically at a constant rate equal to
L which may be referred to as the rate of expected inflation.
£t

(3.3) P =P (L+mx)
where Peies is the expected spot price of consumption of the (t+t’)th period
and L iz the expected constant rate of increase of the spot price of
consumption per period, taken at and conditional on the spot price of
consumption of the current period (as well as the spot prices of consumption of
past periods).

(2) The expected after-tax spot prices of leisure of a household with a
standard set of attributeg, A

of all future periods, s, takem at and

o' W0(t+t’)

conditional on its spot price of leisure of the current period, w, , are assumed

ot

to grow geometrically at a constant rate equal to T

(3.4) W (1 + wt)t'.

Yoqe+e') T Vo
For example, suppose the standard household is one headed by a 45-year old
white male person, then the expected spot wage rates for a 45-year cld white
male person for all future periods, taken at and conditiomal on the spot wage
rate of the current period, are assumed to be equal to the current spot wage
rate times a factor which grows geometrically at a constant rate equal to T per
period. Thus, the expected real after-tax spot prices of leisure are assumed to
be constant.

A. , different from A., the
it 0

(3) For a household with a set of attributes,
spot price of leisure in the current period 1Is given by:
Vig T B /Ry L g
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where h(+) is a known function which is independent of time. Without loss of
generality h(AO) can be taken to be unity, Holding all components of the set of
attributes other than age constant, then h(+) considered as a function of age
gives precisely the age profile of spot wage rates,

The spot price of leisure in any period, &'th, whether current or future,

is given by:

{3.5) W, = h(A

ie! it') Wot'

where Ait' is the value of the set of attributes of the ith househeold in the

t'th perioed.
The expected spot prices of leisure of all future periods of a

household with a sequence of values of its set of attributes (Ait,

Ai,t+l""' Ai,t+T] are equal to a sequence formed by the products of

h(A.

1 t+t‘),5 and the expected spot prices of leisure of the standard
]

household in the t+t’th period, and hence, by assumption (2), equal to

tl
. + .
B her? Wor (B + 70
{4) The expected nominal after-tax interest rate for all future
periocds, it+t" t'=1,...T, taken at and conditicnal on the nominal after-cax

interest rate of the current period, is fixed and equal to the nominal
after-tax interest rate of the current period, it' which is identical for
all households;

(3) The joint distribution of the spot prices of consumption and
leisure (of the standard household), the nominal interest rate and the rate
of inflation for all future periods in the current period, conditional on

the spot prices of consumption and leisure, the spot nominal interest rate

and the rate of inflation in the current period are known to all individual
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households;

{6) The moments of the joint distribution of the spot prices of consumption
and leisure, the nominal interest rate and the rate of inflation for all future
periods of order greater tham or equal to the second, conditiomal on the spot
prices of consumption, leisure and the spot nominal interest rate and the rate
of inflation in the current period, are fixed constants known to all individual
households.

Note that the means of. the conditional joint distribution in any current
period are assumed to be equal to the spot values of the current pericd. Thus
the means are allowed to change over time even though the higher-order moments
are assumed to be fixed constants.

Given these assumptions, and the possibility of arbitrage across current
and future periods, the forward prices of consumption are given by:

Peyer
P ever = . . &
! (1 + it)
(3.6) pt<l+wt)t’

tl'
{1 + it)

= p /(A +i_ - m)

mp/( e, v, e e 1

where r = it - T is the real after-tax rate of interest in the tth period.

Taking logarithms,

10. This relationship is exact in continuous time.
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(3.7) fnp = £npt - ' in{l + rt) , Yyt', t' =21

’C\‘,t-l"t'
Note that equation (3.6) is merely an intertemporal efficiency condition and
does not, in itself, imply that the individual household behaves as if it
maximizes a household utility function.

Similarly, given these assumptions, and the possibility of intertemporal
borrowing and lending on the part of the individual household, the forward’

prices of leisure are simply given by:

woth(A )

i,t+t’
(3.8) w?t,t+t' = e ¥yt', t' =21; or
(L +r)
t
(3.9) £n w?t't+t, = in Woe " t in(l + rt) + ﬂnh(Ai,t+t') , ¥Y&r, t'= 1,

For an individual household with a set of attributes equal to Ait in the

current period, the sequence of A,

‘s 1s not itrary. t.is reasona
{, et ot arbit y It is a ble,

in fact even likely, that A,

is i n ; '
i, t+t expressible as a function of Alt and tf,

known to the individual households:

(3.10) Ay (. =gt € =1, T,

Equations (3.9) and (3.10) in turn imply that

(3.11) fowr L, o= Anwg -t 2n(lbr)) + foh*(A 7)), Ve, el

where h*(Ait,t') = h(g(Ait,t')), ¥Yt',t'=l, and h*(Ait,t') considered as a functiocn -
of t’ represents the stationary time profile of future expected spot prices of

leisure faced by the head of the ith individual household with set of attributes
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Ait in the tth period. Note that equation (3.8) is also merely an intertemporal
efficiency candition for the ith individual household and does not, in itself,
imply that the ith individual household maximizes a household utility function.
Moreover, under these assumptions, the ratio of the spot prices of leisurs
facing the heads of the ith and jth individual households iﬁ the current period

depend only on the values of the sets of attributes of the ith and jth

individual households in the current period. Thus,

Wit h(Ait)
—_— - vij;Vve

th h(Ajt)

By substituting equations (3.5), (3.7) and (3.11) into equation (3.1},

we obtain:

1,2,...,T: w. A, Y, vi,

it

(3.12) p.C, = £}

5 , T, -
1c(pt t Ot it Alt

A similar substitution may be made for equation (3.2). Since the integers
1,...,T are constants, the individual household consumption and leisure

expenditure functions may be simplified into:

(3.13) Pelic = FcPer ¥op Ter Wipr B4 virx

and
(3.14)

= k3 )l .
witzit fiz(pt, Waer T W. ALY, Y oi, &t

where all the constants, including T, the length of the maximum planning
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horizon, being constant over i and t, are suppressed.ll (Alternatively, one
may assume Ti' thé maximum plamming horizon of the ith individual household, to
be a function of Ait’ resulting in the same consumption and expenditure
functions as equations (3.13) and (3.14).) f;c(.) and ffz(') can, of

course, be directly derived from fic(') and fiz(.) under the assumptions on
forward prices of consumption and leisure. Note that it is not necessary tc
take into account "planned" bequests, if any, explicitly, as they are functions
of the same variables as those on the right-hand sides of equations (3.13) and

(3.14) .12

3.3 Aggregation

If data on the consumption and leisure expenditures as well as the wealth
and values of the set of attributes of individual households (or groups of
households with approximately identical wealth and set of attributes) are
available on a time-series basis, then one can estimate the consumption and
leisure expenditure functions in equations (3.13) and (3.14) directly after
specifying parametric functional forms for ftc(.) and fiz(.) and stochastic
disturbance terms for the system of two equations. (All the variables included
in the consumption and leisure expenditure functions are observable.)

Unfortunately, such disaggregated data are not generally available on a time-

11. Similarly, the higher-order moments of the conditional joint distribution of
Prices and interest rates, being constants, may also be suppressed even if thev
affect current consumption and leisure expenditures.

12. We note that alternative assumptions on expectations can be comsistent with this

model so long as they result in stationary household consumption and leisure
expenditure functions of the form in equations (3.13) and (3,14).
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series basis. What are more generally available are data on aggregate
consumption and leisure expenditures for the whole economy, data on the joint
distribution of individual household wealth and attributes, and the total
number of individual households, Nt' in the economy in the current peried.
What is needed is thus a model in which variations in aggregate consumption and
leisure expenditures can be explained by variations in the spot prices of
consumption and leisure, the real interest rate, the joint distribution of
individual househcld wealth and attributes and the total number of individual
households. Variations in the joint distribution of individual household wealth
and attributes may be measured through variables that may be considered as
"statistics" of the joint distribution. Examples of such variables include
average wealth per household, average age of héads of individual households, and
the variance of wealth over individual households. If the joint distribution of
individual household wealth and attributes changes, the wvalues of these
variables may be expected to change.

The aggregate consumption and leisure expenditure functions are thus

expected to take the form:

N

(3.13) Z Pelie = FolPer ¥oer Ter Moo Sypr Sy o000 Sped
i=1
Ny

(3.16) z Vielie = Fp(Per Wopr Teo Npo Sy Sy oo S0
i=1

where Nt is the total number of individual households in the current, tth, peried,
i =1, ..., n, are the values of the n variables -- "statistics"
reflecting the joint distribution of individual household wealth and attributes

of the current period.
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The Sit's, i=1, ..., n, are each functions of W W

C A e
? ’ T ’ ’ k)
It htt 1t

AN ¢ 38 well as Nt' Moreover, each such function should remain unchanged with
t

respect te a simple renumbering of the individual households. In other words,

each such function must be symmetric with respect to the indexes or

equivalently, invariant to a permutation of the indexes 1 through Nt' Thus, for

example,
(3.17) S1t (Wlt' vy WNtt; Alt’ N ANtt; Nt)

B Slt(WZC' W3t' Tt WNtt' Wlt; A2t' A3t' Ty ANtt' Alt; Nt>
Fgrthermore, even if not all of Wlt' cy tht’ Alt’ R ANt are observed,

the values of Sit(‘),s can in general be estimated from an appropriate sample

of , W

Ve N ¢’ Ater oo ANtt'
Substituting equatiens (3.13) and (3.14) inteo equations (3.15) and (3.16),

we obtain;

N
. *
(3.18) E: FePer Yo T Wipr BA40)
i=1
= Fo(Ppr Ve T New Sy > Spe)
Ne
*
(3.19) E: Fi2 (P Yoo Ter Wipr Agp)
i=1
= F, (P Yper Ty Moo Spp » Spe)

If equations (3.18) and (3.19) are to hold identically, that is, for all P

w ¥ and joint distri i ' ' s i
o’ Fe all joi istributions of Wit s and Ait s, and Wt > n, it can he
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shown that13

-
(3.20) fic fg(pt, Yo

ek
+ EREp Yo Ty

(3.21) fiz = f:(pt, Yoy r W, A, )

+ £ i = oo, N
Erxlp s woer L)y 1 =1, 2,
In other words, the consumption and leisure expenditure functions of individual

households with identical wealths and attributes are each identical up to the

addition of a function independent of wealth and attributes. If it were
further assumed that the individual consumption and leisure expenditures are
nonnegative and aggregate consumption and leisure expenditures are both zero
when aggregate wealth is zero, the individual consumption and leisure

expenditure functions may be simplified to:

(3.22) fic - fg(pt, Yop! e wit’ Ait) i=1, ..., Nt;
and
(3.23) B, = B Wop T Wi A5 T= 1 N
where
EE(p Wopr Tev 00 A50) = EE(PL. woe s 00 450 = 0

It can be further shown under mild regularity conditions that the

13, See, for example, Jorgenson, Lau and Stoker (1982).
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individual

(3.24)

and

(3.25)

where

There are

consumption and expenditure functions must take the form:

fi(Pt’ Yo rt' Wit’ Ait)
n

= }: Bek(Per ¥opr Tod BeMier 84005
k=1

fi(Pt' th' 1"t:' Wit' Ait)
n

- E: BaePer Yoer To) &cMier Ape)
k=1

g, (0, A, ) =0, k=1, ..n

additional restrictions on the hck(.), hzk(') and gk(.) functions to

ensure that the expenditure functions, including planned future expenditures and

bequests,

sum to total wealth (summability) and that the individual households

have no money illusion (zero degree homogeneity). For our analysis we choose

the following types of gk(wit’ Ait) functions:

where A, .
ije

81 (Wier A5p) = Wi

By(Wipr Apy) = Wi AW

k=3

BeWicr 10 = Ajra2ye¥ie SRR

is the jth component of the vector of the set of attributes Al
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3.4 Specification of the Individual Expenditure Functions

For each individual household of the jth type, that is, Ait = Aj, the

consumption and leisure expenditure functions are specified parametrically as

follows:
(3.26) . a, + %y + ﬂccﬂnpt + ﬂczﬁnwot + ﬁcrﬂn(l + rt) + Bcwﬂnwit ;
. Pehic ‘e
c c c
1 + ﬂcﬂnpt + ﬁzﬂnwot + ﬂrﬂn(l + rt)
a_ +a . + B8 MInp_ + 8 Inw, + A4 In(l+r_ )+ 8 _4nW.
(3.27) w., 7. = z zj zZc t zZZ ot zZY t zW it w

it it it

1+ ﬁiﬂnpt + ﬁzﬁnwot + ﬁiﬁn(l + rt)

If it were required that the balance of the total (planned) expenditures,
including "planned” bequests, if any, Voit’ has the same parametric form; that
is:

ay + an + ﬁocﬁnpt + ﬁozﬁnwot + ﬂorﬂn(l + rt) + ﬂowﬂnwit

Vo, = W,
ic it

1+ ﬂgﬂnpt + ﬁgﬂnw et ﬂgﬂn(l + rt)

C
and that summability holds, that is,
p.C +V0, =W,

o+ w., Z. . B
t 1t 1€ 1Lt it i1t

identically, then it can be shown that the consumption and leisure expenditure

functions may both be written in the form:
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.
a, ta ] * ﬁccgnpt * ﬂczﬁnWOC * ﬂcrﬂn(l + rt) + ﬂcwﬂnJit

1+ ﬁcﬂnpt + ﬁzﬂnwot + ﬁrfn(l + rt)

 t+ a 3 + ﬂzcﬂnpt + ﬁzzﬂnwot + ﬁzrfn(l + rt) + ﬂzwfnw

Z Z it
(3.29) witzit = it

1+ ﬂcﬂnpt + ﬂzﬂnw et ﬁrﬂn(l + rt)

0
that is, the parameters in the denominators are identical.

If it were required that the consumption and leisure demand functions of
each individual household satisfy the zero degree homogeneity restriction, that
is, the individual household has "no money illusion,” then it can be shown that

the following restrictions on the parameters are implied:

(3.30) ﬁcc + ﬂcz + ﬂcW =0

(3.3 B + A + ﬁzW =0

ZC ZZ

and

(3.32) B +B, =0

The consumption and leisure expenditure functions may be rewritten in the form:

oy
W,
1C

a, + acj + ﬂccfnpt + ﬁczanOt + ﬁcrﬂn(l + rt) - (ﬁcc + ﬁcz)ﬂnwit
(3.33) ptcit =

=4

1+ ﬂc(ﬂnpt - Enwot) + ﬂrﬂn(l + rt)

(3.34) Witzit = W,

P

a, + @, + ﬁzcznpt + ﬂzzﬂnwot + 8, (1 +r) - (ﬁzc + ;azz)y.nr.ciﬂr

-

L+ B (fnp, - 2mw ) + B 2n(l + 1))

In our empirical implementation we maintain the hypotheses of summability

and zero degree homogeneity. However, we do not maintain the hypothesis of
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utility maximization on the part of the individual households, although our
specifications in equations {(3.33) and (3.34) are not inconsistent with it. The
rationale for maintaining the hypothesis of summability is simply that each
individual household can make its lifetime consumption, leisure and bequest
choices only within its lifetime wealth consgraint. The rationale for
maintaining the hypothesis of zerc degree homogeneity is simply that each
individual household should not change its lifetime consumption, leisure and
bequezt choices if the set of possible cheices (represented by all awvailable
choices within the lifetime wealth constraint) is unchanged. Note that the two
h&potheses do not imply utility maximization of the individual household. The
decision-making process within each household can be arbitrary as lomg as it is
stationary over time. For example, one may have the husband and the wife of a
household each making decisions on fifty percent of the individual household's
total resources. The resulting behavior for the househcld can be expected to
gsatisfy summability and zero degree homogeneity but not necessarily utilitcy

maximization by the individual household as a whole.

3.5 S8pecific Hypotheses on Consumption Behavior

The specification in equations {(3.33) and (3.34) is sufficiently flexible
to embed a number of hypotheses found in the literature on consumption behavior.
We discuss each of these hypotheses in turn.

(1) Unitary Wealth Elasticity. It is often assumed that individual

household consumption {(and leisure) expenditure is propertional to individual
household wealth. In the context of our specification, this hypothesis implies

that:
ﬁcw = -(ﬂcc * JEcz) =90

and
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Bow = By ﬁzz) =0

(2) Proportionality of Expenditureg to Wealth. This hypothesis is often

identified with Friedman (1957).14 It implies that consumption {(and leisure)}
expenditure is proportional to wealth, and, in addition, that the factors of
proportionality depend only on the rate of interest but not the prices, given

wealth. In the context of our specification, this hypothesis implies that:

+ ﬂcz‘_ 0

+ ﬂzz = (

14. See also Blanchard's (1985) derivation and discussion.

15. Except for the degenerate case in which ﬂcc + ﬁcz = 0 and ﬂzc h,, - Q5

(ag +a B, = B,

(e, +a 0B =8

cj’"z cz

(a, +a B = B__ ;

cjfr cr

(a, +a B, = f__ ;

zi’"e ze

(az +a .38 =48 ;

Z] z ZZ
(QZ + azj)ﬂr = 'Bzr ; V J‘

For this degenerate case consumption and leisure expenditures are fixed constant
proportions of wealth. The values of f parameters, subject to 8+ 3 _ =20 and
5zc + ﬁz = 0, are arbitrary but in particular can be chosen so ERat aIf of them
are iden%ically zero, seo that they satisfy the restrictions here. See
hypothesis (5), "Complete Price Independence", below,
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Ubviously, 1f the hypothesis of unitary wealth elasticity does not hold, the
proportionality hypothesis cannot hold.

(3) Intertemporal Separability. Intertemporal separability is a

hypothesis that is often maintained when each individual household is assumed to
maximize its utility. It implies that the intertemporal utility funetion of the
household has the form,

(c )

Uit it’ Zit’ Ci(t+l)’ zi(t+l)""’Ci(t+T)’Zi(t+T)

U_ .~

= Ui U2 Ve Cserny Zi ey ) o Ve )

Ci(t+T)'zi(t+T)

It encompasses as special cases that of intertemporal additivity:

T
Uie = 2 Ut+t‘(ci(t+t')’zi(t+t'))
tf=0

and that of intertemporal stationary additivity:
T

Yig = Z SRS cerery  Zienery)
t'=0

16/

The principal empirical implication of intertemporal separability is
that the relative expenditures on different commodities within thé same
perlod are independent of the prices of the commodities in a different
period. This is a necessary (but not in general sufficient) condition for

16. A further possible specialization consists of replacing Ut(.) by U(.).

32



intertemporal additivity and intertemporal stationary additivity as defined
above. This hypothesis is testable, however, even for a household not
necessarily assumed to be maximizing utility. Under our assumptions about
the relationship between current and expected future spot prices, this
hypothesis implies that the relative expenditures of the current period are
independent of the real after-tax rate of interest, holding wealth constant.

In terms of our specification, this hypothesis implies that:

and

Note, however, that under this hypothesis, current consumption and leisure
expenditures may still be semsitive to the real after-tax rate of interest,
enly their ratio is insensitive to the real after-tax rate of interest. The
hypothesis that we test, as discussed above, is weaker than the usual
hypothesis of intertemporal separability of the utility function (and a
fortiori weaker than the hypotheses of intertemporal additivity and

intertemporal stationary additivity).

(4) Absence of Interest Rate Effects. This hypothesis implies that

17. Except for the degenerate case in which
(ac +mcj)ﬁzc - (az * azj)ﬂcc '
(ac * acj)ﬂzz - (az * azj)ﬂcz ;

(ac + acj)ﬂzr = (az * azj)ﬂcr AR
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Hoth congumption and leisure expenditures are, given aggregate wealth and

its distribution, independent of the real after-tax rate of interest.

However, it does not preclude a change in the real rate of interest from
affecting consumption and leisure expenditures indirectly through its effect
ont the revaluation of wealth (the so-called "Summers’ effect"). In the

conttext of our specification, this hypothesis implies:

B..=10; 8

= 0; and g_ = O.lﬁ/
cr r b

z
Obviously, if the hypothesis of intertemporal separability does not hold, the
hypothesis of no interest rate effects canmnot hold.

(5) Complete Price Independence. An extreme hypothesis about consumption

and leisure behavior is that the consumption and leisure expenditure to waalth
ratios are flxed independently of current and expected future prices, holding

wealth comstant. Such a hypothesis implies that all the parameters are zero

19
5.

L4

zj

All of these hypotheses imply specifications that are special cases of our

except a,, a, and acj's and «

basie specification, which imposes only minimal assumptions on individual
household behavior (summability and zero degree homogeneity (no momey illusion))
and minimal assumptions necessary for exact aggregation. We distinguish

among types of households based on the age of the head of household and allow
changes in the composition of the households by type to affect aggregate

18. Except for the degenerate case in footnote 13 above.

19, Except for the degenerate case in footnote 15 above. However, under the

conditions of complete price independence, B parameters are arbitrary and can
in particular, be set identically equal to zero.

H
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consumption and leisure expenditures. While it would be interesting to attempt
to analyze other attributes as well, we focus in this paper on the attribute
which has received the most attention in the analysis of consumption and saving,

namely age, as discussed in many of the studies reviewed in Section 2.

3.6 Specification of the Apgpregate Expenditure Functions

The aggregate consumption and leisure expenditure functions are obtained by
adding up the individual consumption and leisure expenditure functions across

the households:
(3.35) E:ptcit - [(cxc + ﬁccﬂnpt + ﬁczinwot + ﬁcrﬂn(l + rt)) E:Wit

i i
. ]
(ﬁcc * ﬂcz) E:Witﬂnwit * E: E: achitWit]/
i j i

[1 + ﬁc(inpt - ﬂnwot) + ﬁrﬂn(l + rt)]
(3.36) E:Witzit = [(a, + 8, dnp + B towy + f_In(l + 1)) E:Wit
i :
- ]
(ﬁzc * ﬂzz) E:Witznwit * E: E: aszitwit]/
i j 1
1+ B, (fnp_ - fowg ) + B_fn(l + r)]

where D%t is a dummy variable which takes the wvalue 1 if the ith
household 1is of the jth type at time t and O if the ith household is not of the
jth type at time t.
It is possible to estimate equations (3.35) and (3.36) directly.
However, we note that both dependent variables, aggregate nominal
consumption and leisure expenditures, are likely to show sustained increases
over time because of the increase in the number of households {population)
and inflation. It is therefore unlikely that additive stochastic

disturbance terms are (separately) homoscedastic for each of the two
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functions. In order to mitigate the possibility of heteroscedasticity, we
divide both sides of equations (3.35) and (3.36) by aggregate wealth at time
t, obtaining the aggregate consumption expenditure to wealth and leisure

expenditure to wealth ratios:

Zp G

t it
i
(3.37) - - [(cxc + ﬁccﬂnpt + ﬁczﬂnwot + ﬁcrﬂn(l + rt))
. 1t
i
- J
(ﬂcc * J'Bc:z) E:witﬂnwit/ }:wit N }: E: achitWit/ E:witJ/
i i j i i
1+ ,Bc(ﬂ.npt - ﬂnwot) + ﬂrﬂn(l + rt)]
¥ Yictic
(3.38) - = [(az + ﬂzcﬂnpt + ﬂzzﬁnwot + ﬂzrin(l + rt))
i it

} § § § J §
i (ﬂzc * ﬂzz) witﬁnwit/ wit N aszicwit/ wit]/
i i j i i

[1+ 8 (fnp_ - fnwy ) + B in(l + 1)]

where (? Wicﬁnwit)/? Wit can be interpreted as "entropy," a measure of
the var;ability of ;ealth over individual households and (; Ditwit)/? wit
can be identified as the share of aggregate wealth held bylhouseholds of the jth
type. Equations (3.37) and (3.38) are the specifications used in the
estimation.

The variables -- aggregate consumption expenditure to wealth and leisure

expenditure to wealth ratios, and the prices of consumption, after-tax wage

rates, the after-tax real rate of interest, and aggregate wealth -- are all
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2
either available as or can be develcoped from standard time series data.

The "statistics" representing the distribution of wealth by size and by the
type of household can be obtained from a time-series of cross-sectional
income surveys.

In addition, if the parameters are known, equations (3.37) and (3.38)
may be used to predict the effects on aggregate consumption, leisure and
saving of alternative potential future paths of evolution of the size and
age distribution of total wealth.

Finally, it is impertant te note that our model focuses entirely on the -
household side -- the demands for current and future consumption and leisure
(or the mirror image, supplies of current and future labor). The households
are assumed to behave as price-takers, that is, as if their individual
actions do not affect the {(possibly subjective) joint distribution of
current and future prices. The model leaves unexplained the current and
future prices, wealth and its distribution. Thus, it is a partial
equilibrium model, reflecting only the equilibrium of the households, but

not necessarily the markets for consumption goods, laber and saving,

3.7 Comparative Static Effects

We attempt to estimate the comparative static effects of changes in the
current price of consumption, after-tax wage rate, wealth and the real after-tax
rate of interest (with human wealth held constant as well as revalued) on the

consumption, leisure and value of saving (defined as in the National Income and

20. See footnote 1 for the calculation of leisure.
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Product Accounts)2l of the individual households. Specifically, we calculate
the elasticities of each of the dependent variables with respect to the
independent variables (at a given set of values of the latter).

Equations (3.33) and (3.34) may be rewritten as

cit
(3.39) Pl 5 Wse
£
Nzit
(3.40) Yiclic T Wit
D,

The elasticity formulae may be computed as follows:

aﬂnCit aﬂnNcit BJZnDt
- -] p— .
6£npt ainpt a,Enpt
ﬂcc ﬂc
= -1 + - R
Ncit Dt
1 ﬂcc
=1ty - A

E Cptcit/wit)

21. The NIPA definition of current saving is the difference bhetween current income
and current consumption and does not include net changes in wealth due to
revaluations,
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it
= -1+ |—— - 3 / (1+8 (4np, - fow. ) + G _An{l+r_)).
(Ptcit/wit) c c t Ot r t

In 1972, ﬂnpt = Enth = 0, and the elasticity formula simplifies to:

BﬂnCit B8

cC

- ﬂc ] / (1+ﬁr£n(1+r1972)).

1[
dfnp, |£=1972 PeSieMie)e-1972

Similarly,
a'En(':i.t ﬂcz
. = (C_/w) + ﬂc / ((1+,Bc(.2npt - .Enwot) + ,Br.ﬂn(1+rt))
it P ie/ it .
aﬂnwot
where we have made use of the fact that - 1;
Bﬂnwit

aznci B

t cz

+ 8, } / (L + B an(l4T 40000

G 4w, T£=1972 [(ptcit/wit)t=1972

c

Gﬂncit [(ﬁ c T ﬁcz)
=1 -

] / (1+ﬁc(£npt-2nw0t) + ﬁrin(1+rt));

(p. G

2
8 nw]'.t tTit

M)

aEnCit (ﬁcc+ﬁcz)

= o [
t=1972
6£nwit (ptcit/wit)t=1972

} / (4B 2 (14t g50))
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Sﬂncit SﬂnCit aﬂnwit aﬂnCit NHWit

SEHNHWit aﬂnwit aENHWit aﬂnwit wit
(ﬁcc+ﬁcz)
- (A /9 (1 - [ })/(l+ﬁc(2npt-£nw0t)+ﬂr£n(l+rt));

POy /W)

d4nC, 8,.*+8.,)

3 AnNHW lt=1972 - WM em192 - {( C. /W) ]) /(LB _An(l4r, 40000
e Pelie/Mie e=1972

r
t

dAnC, Jif
it cr
= { / (l+ﬁc(£npt-£nwot) + ﬁrﬂn(1+rt));

_ﬂ]
g4nr_ (P.C; /W, ) r (14T ))

Bﬂncit

/ (1 + ﬁrﬂn(1+r

Ber T1972
"B, 1972))'

t=1972 [(Ptcit/wit)t=l972 (1+r

8£nrt 1972)

Similar elasticities may be computed for the demand for leisure. The elasticity

of total expenditures, (Eit =p C + W,

Y1t 1tzit)’ with respect to wealth and

nenhuman wealth may be computed as:

a'QnEi.t (ﬁcc+ﬂcz+ﬂzc+ﬁzz)
=1 - / (1+ﬁc(2npt-£nw0t) + ﬁrﬁn(1+rt));

aznwit (Eit/Wit)
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aﬂnEit (ﬂcc+ﬂcz+ﬂzc+ﬂzz)

o2 e=1972 L - E ) /LB An(ltr) o000
e ic/Yie)e=1972

BﬂnEit aanit

- (NHW, /W, ) » ——
3 4nNHW 1E LI s anw,
1t 1t

B.EnEit aﬂnEit
— T O WNN——

aﬂnNHWit t=1972 it/ "ie ' t=1972 aﬂnwit t=1972

Given the estimated parameters and their estimated asymptotic variance-

covariance matrix, these elasticities and their corresponding asymptotic

PeCic
standard errors can be estimated, conditional on the values of ,
W,
witzic NHWit . it
, and the other independent variables.
Wit Wit

We also compute the elasticities of consumption and leisure demands with
respect to the after-tax wage rate and the real after-tax rate of interest under
the assumption of full revaluation of human wealth of the household. Nonmhuman
wealth of the household is assumed to consist entirely of floating rate assets
and liabilities and hence to remain unchanged with respect to changes in the

real after-tax rate of interest.
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(3.41)

But

where we have made use of the fact that (3£nHWit)/(6£nwit) = 1 under our

asgumptions on expectations.

(3.42)

Similarly,

(3.43)

(3.44)

dinC ainC diAnC BEnWit
= + .

dlnwit 6£nwit SEnWit ainwit

aznwit 1 BHWit Hwit

aﬂnwit wit aﬂnwit Wit

Herice:
dinC 3 inC ginC Hwit
= + .
dﬂnwit 8£nwit aﬂnWit Wit
dinC dinC dinC aznwit
= —+ . ;
dim:'t 82nrt 8£nwit aﬂnrt
3£nwit 1 S(Hwit + NHWit)
aﬂnrt wit aﬂnrt
1 anit Hwit aanWit
wit aﬂnrt Wit 3£nrt

Thus, equation (3.43) may be rewritten as:
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d£nC 3.AnC dInC Hwit BEnHWit

(3.45) - + .

dfnrt B,Enrt 3£nWit wit 3£nrt

which represents the elasticity of consumption with respect to an increase in

the real rate of interest with revaluation of human wealth. The values of
HWit BEnHWit
and may be calculated numerically for each age-cohort based on

wit aﬂnrt

its current and expected future wage rates and real rates of intefest.
Finally, we attempt to estimate the effects of changes in the independent
variables on saving. The saving of the ith household in the tth period, Sit’
may be defined as the difference between current full income and current
expenditure on consumption and leisure:
(3.46) 5, =w, 2, + (rt+wt)NHWit - 1:3‘:Ci_t - witzit

where Eit is the maximum quantity of leisure of the ith household in the tth

period.22 The elasticity formulae for saving may be computed as follows:23

22, Note that the net change in the value of wealth, including capital gains or
losses and transfers, is not included in this NIPA definition of saving. Of
course, transfers net to zero for the economy as a whole (except for net
unilateral transfers to foreigners).

23. It is assumed that aﬂnwt/aﬁnpt = 0.
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BﬂnSit 1 4as, Ptcit -aﬂnCt w, Z. dinZ,

- 1t _ | It 1t lt.g&/
B,Enpt Sit Bﬂnpt Sit ainpt Sit 8£npt
BEnSit _ _
MT = (Wit(zit - zit))/sit (aﬂn(zit - Zit))/aﬂnwot + 1
it
ptcit a‘Enci.t:
Sit BEnWOt
d4nS . E;, 94nE (x tm JNHW, 125/
- - — +
BEnWit Sit aﬁnwit Sit

24. Sit is allowed to take negative values. If Sit is negative,

BEnSit 1 asit

is taken to be —

Bﬁnpt Sit aﬁnpt

The same applies to the other saving elasticities below.

25. It is assumed that the change in wealth results from equal proportional changes
in both human and nonhuman wealth.
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it it~

aﬂnHWit Sit BEnWit Wit
aEnSit Eit BEnEit NHWit NHWit
—_— e + (r+1rt)
BﬂnNHWit Sit BEnWit Wit Wit
BEnSit Eit 3.2nEit NHWit
— = - — + r
Bﬂnrt Sit aﬂnrt Sit

dEnSit 3£nSit 3.2nSit

{(3.47) = +
dinwit aﬂnwit BﬂnHWit

26. We note that this effect is expected to be negative for positive saving
because the NIPA definition of saving does not include the net change in
wealth due to revaluation,
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A AnHW,
d,ﬂnSit BEnSit BEnSit d AnH it

{3.48) _— = + .
d.Enrt aﬂnrt aﬂnHWit Bﬂnrt
Hwit NHWit aﬂnHWit
where the values of ) and may be calculated
Wit Wit Bﬂnrt
numerically for each age-cchort. We note that, with positive saving,
3£nSit ainﬂwit
both — and
aﬂnHWit a.ﬂnrt

dfns, 34ns,

ic it

are expected to be negative. Thus, = ,
d.Enrt Bﬂnrt

that 1s, the interest elasticity of saving with human wealth evaluation is
expected to be greater than that without human wealth revaluation. With
negative saving, the opposite i1s true. One can also use these same formulae to
calculate the aggregate elasticities. For example, the elasticity of

aggregate saving with respect to the real after-tax rate of interest, with

human wealth revaluation, may be computed as:

d,EnSt d,EnSit d£nSit
(3.49) = E:N 5, —m/ E:N. 5. = E:s. _—
dinr £ it 1? ds it it it dinr

nr s s
t i 1 t

where Sip = Nitsit / E:thsjt is the share (possibly negative) of

t
J

aggregate saving accounted for by households of the ith type in the tth

period.
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4, Empirical Results

4.1 A Brief Description of the Data

As discussed in the introduction and Section 3, we attempt to combine
various types of data in order to develop an improved empirical model of
aggregate consumption. Primarily, we combine disaggregated data on the age
distribution of income and its components and consumption with aggregate time
series data on consumption, leisure, wealth, and price variables. We use the
rich source of disaggregated information available in the annual Current

Population Surveys on income and other variables cross-tabulated by various

nousehold characteristics such as age of head of household to build cohort-
specific human and nonhuman wealth accounts which aggregate to national wealth.
We use additional information from the 1972-73 Consumer Expenditure Survey and
the Panel Study of Income Dynamics to estimate how the ratio of household
consumption and leisure to wealth varies by the age of the head of household.

The aggregate consumption data come from the National Income and Product
Accounts (NIPA), and no attempt is made here to develop a more consistent
treatment of the services of consumer durables, as is sometimes done (see, for
example, Boskin, Robinson and Huber (1988), Christensen and Jorgenson (1973), or
David and Scadding (1974)).

Data on interest rates, wage rates, and price levels are developed from
standard sources and their derivations are briefly described in the Appendix, as
are our data on female labor force participation and unemployment rates. Our
methods for deriving expected inflationm and the expected present value of human

and nonhuman wealth are also briefly described in the Appendix. For human
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wealth, we estimate an age-wage profile27 and discount expected future esarnings
of each age cohort by the sum of the real after-tax discount rate and mortality
probability. For nonhuman wealth, we blow up, for each category of a property
income, the sum across all age cohorts so that it conforms to the corresponding
NIPA aggregate totals, and then capitalize total property income for each age
cohort. We use different discount rates for human and non-human capital as
digcussed in the Appendix.

Before proceeding to a discussion of the econometric results it is
worthwhile to examine the trends in the actual consumption and leisure data.
Figure 4.1 presents the aggregate consumption and leisure expenditures for
the U.S. sconomy from 1947 to 1980 in constant 1972 prices. These have
grown steadily in the time period under study, with an apparent acceleration
in the rate beginning in the early 1960s.

Based on our estimated consumption and leisure expenditure equations, we
present in Section 5 below the decomposition of the annual growth rate of
aggregate consumption into factors presumed to explain it, broken down into two
periods, 1950-62 and 1963-B0, roughly corresponding to modest and more rapid
growth in aggregate consumption, respectively.

Figure 4.2 presents a prelude to the econometric results. We compare the
estimated consumption to GNP ratic (derived frem the product of our
econometrically estimated ratic of consumption to wealth and the ratio of ocur

estimated wealth to GNP) to the actual consumption to GNP ratio for the period

27. Male age-earnings profiles, controlling for education, race, atc., are guite
stable over time in the U.S., and surprisingly similar across countries (see,
for example, Smith and Welech (1986) and Psacharopoules (1981)).
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1947-80., 1In the immediate post-war period, saving, which h#d been a very small
fraction of GNP, rose substantially and this accounts for a five or six
percentage point decline in the consumption to GNP ratio from 1947 to 1931.
Consumption from the 1950s to the early 1960s was relatively constant as a share
of GNP. Beginning in the early 1960s, it fell for several years, and then
fluctuated in a narrow band around 0.61 through the end of the 1970s. Our
estimated consumption/GNP ratio tracks the actual consumption/GNP ratio quite
well. The maximum deviation for any year is about one percent of GNF.

Figure 4.3 looks at the flip side of consumption, namely saving. It
presents the actial NIPA saving to GNP ratio and the estimated saving to GNP
ratio derived from our consumption expenditure equation reported below. Again,
from a very low rate in the immediate post-war period, saving as a ratio of GNP
rose rapidly in the late 1940s, was fairly level around 7% throughout the 195Cs,
rose to a little over 8% in the early 1970s, and has been on a somewhat downward
trend from the early 1970s to 1980 (a trend which continued in the 1980s).
Again, since our estimated consumption to GNP ratio reflects actual consumption
to GNP quite well, so does our estimated saving to GNP ratio track actual saving
to GNP quite well. The maximum deviation is again approximately 1% of GNP (in
1957, at the time considered a bad recession).

We now turn to a detailed discussion of the econometric model and results.
These results include estimates of aggrégate consumption and leisure expenditure
share (of aggregate wealth) equations, tests of various hypothesas concerning
aggregate consumption and estimates of parameters of particular economic

interest.

49



INO/AMALS . IND/SurARg IS5 .

L961

2961 LS61 7561

=
<
<

49-4

+ 010

JND/3maeg pajeurnsy
dND/3utaLg

£ g



4.2 Econometric Specification and Estimation

We start from the specifications in equations (3.37) and (3.38). We

distinguish the types of households by means of the following set of dummy

variables:
1, if the age of the head of the ith household is between 14 and 24
years in the tth period;
Dl& -
ic 0, otherwise.
1, if the age of the head of the ith household is between 25 and
34 years in the tth period;
D2S -
it 0, otherwise
1, if the age of the head of the ith household is between 35 and
3 44 years in the tth period;
23 -
it 0, otherwise.

1, if the age of the head of the ith household is between 55 and
64 years in the tth period;

it

S
0, otherwise.
. if the age of the head of the ith household is greater than or
equal to 65 in the tth period;
D65 - .

1
0, otherwise.
1, if the head of the ith household in the tth period was borm prior

to 1939; :
D39 -
0,

it .
otherwise.

We note that hecause of the presence of the constants a, and a, in equations
(3.37) and (3.38), it is not necessary to have a dummy variable for households
headed by persons in the age-cohort of 45—54 years. We further note that the
dummy wvariable Diz attempts to distinguish between those households headed

by persons who experienced the Great Depression and those which were not.

In accordance with equations (3.37) and (3.38), we form variables of the

type:
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i
for each j and t. These variables may be interpreted as the share of aggregate
wealth held by households headed by persons in the jth age-cohert in the tth
peried.

In addition, we Introduce two non-household specific independent wvariables
which are believed to influence current consumption and leisure decisions. The
first variable 1s the female labor force participation rate (FLPR), in
percent.28 The second variable is the unemployment rate, represented by the
natural logarithm of the prime.age white male unemployment rate {(UE), in
percent. These two independent wvariables, as well as the share of wéalth held
by the pre-1939 cohort, are presented in Figure 4.4 (normalized to be 1.0 in
1972), and compared against the pure time trend variable. It is readily
apparent that these variables move quite independently of one another and of the
pure time trend.

Finally, we add stochastic disturbance terms to both the consumption and
leisure expenditure share equations. The stochastic disturbance terms are
assumed to have a constant variance-covariance matrix over time and are possibly
correlated across equations but not across time periods. We use annual data

28 . For the leisure expenditure equation, it is assumed that the female labor
force participation rate has no effect before 1963, The female labor force
participation rate accelerated around 1963, as did related household
formation and dissolution data, and it roughly marked the heginning of the
changing perception of women’s roles in society.
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from 1947 through 1980 for the estimation. The method of estimation used Iis

maximum likelihood, conditional on the given values of the right-hand-side

variables.29 The final specification takes tha form:

(4.1) E:ptcit / }:wit
i i

{éac +ﬂcc2npt * ﬁczﬁnWOt +ﬂcr£n(l+rt)) i (ﬁcc+ﬁcz)(E:witﬂnwitfi:wit)

I

* c14(§: 1t ic / E:Wit) c25(§:D1t 1t/§: it)
i
* 35(§: 1c¥1e / E:Wit) * c55(§: ic”ie E:wit)
i i
* 065(§: 1e¥5e)  F Tep FLER + 7, UE
+ CV(E: it 1t }:Wit) / [l+ﬂc(2npt-ﬂnwot)+ﬁr£n(1+rt)]
i
+oe
(4.2) Ewitzit / Zwlt
i i

29. While at the level of the Individual household it is reasonable to assume that
the household is a price-taker in the markets of consumption, labor and credit,

in the aggregate it is not plausible to maintain that the prices are exogenous

or predetermined. Thus, it may be preferable to estimate the parameters by a
nonlinear instrumental variables approach. This will be attempted at a later
date.
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= | (e +8, Anp +8_ Amwg +8 _in(l+r))) - (5zc+ﬁzz)(§:wit£nwit / E:w. )
i 1

la(z ic’ic / Z g te 25(2 i1t Zwit)

+

M z35(§: 1eie E:Wit 255(5: ic¥ie / E:wit)
i i

+

GS(E: lt ic / E:wit)
i

_ 39 :
+ 7,¢ FLPR + v, UE + 7zv(§:Dit / E:wit) /(148 _(fnp -fmwg )+8 _fn(l+r )]
i i

€
zt

A word needs to be said about the estimation of the parameters ac.'s
and azj’s. They are not estimated entirely from the aggregate time-series
consumption and leisure to wealth share equations. Instead, the difference
between the consumption expenditure-wealth ratios (and the leisure
expenditure-wealth ratios) of any two age cohorts in 1972 is assumed to be
the same as the difference between the corresponding averages derived from
the 1972-73 Consumer Expenditure Survey. However, the absolute levels of
the cohort-specific consumption expenditure-wealth and leisure expenditure- -
wealth ratlos are not constrained to be the same as the averages in the
1972-1973 Consumer Expenditure Survey. In addition, these ratios are
required to satisfy unimodality constraints, that is, the slopes of their

respective age profiles are allowed to change signs only once up to age 64.
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