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Introduction

A higher expected real Interest rate makes consumers defer consumption,
}everything else held constant. The magnitude of this Intertemperal substitution
effect 1s one of the central questions of macroeconomlcs. If consumers can be
induced to postpone consumption by modest Increases In interest rates, then

{1) movements of interest rates will make consumption decline whenever other
components of aggregate demand rise—-total output will not be much influenced by
changes in those components,

(2) the dead-weight lcss from the taxatlon of tnterest Is important,

(3) the burden of the natlonal debt or unfunded soctal security is relatively
unimportant,

(4) consumption will move along with real interest rates over the business cycle

to name four of the many issues that rest on the intertemporal substitutability of
consumption.

This paper attempts to estimate parameters of the representative individual's
utility function, rather than parameters of the consumption function or savings
function. As Robert Lucas (1976} has pointed out, there may not be anything that

could properly be called a consumption or savings functlon—the relation between



consumption, Income, and Interest rates depends on the wlder macroeconomic
context and may not be stable over time, even though consumers are always trying to
maximize the same utility function. The techniques of this paper are more robust
with respect to this kind of instability than are standard econometric models of
consumption and savings.

The essentlal 1dea of the paper is the following: Consumers plan to change their
consumption from one year to the next by an amount that depends on thelr
expectations of real Interest rates. Actual movements of consumption differ from
planned movements by a completely unpredictable random variable that Indexes all of
the Information available next year that was not incorporated in the planning process
the year before. If expectations of real Interest rates shift, then there should be a
corresponding shift In the rate of change of consumption. The magnitude of the
response of consumption to a change In real Interest expectations measures the
Intertemporal elastleity of substitution.  All of this is set up in a formal
econometric model where the assumptions are formalized and the estimation
techniques rigorously justified.

Over the postwar perlad, there have been downward and upward shifts In the
expected real return from common stocks, Treasury bills, and savings accounts, the
investments that presumably set the relevant real Interest rate for most consumers.

Over the same period, there has been only small shifts In the rate of growth of



consumption. Consequently, all of the estimates presented In this paper of the
intertemporal elasticity of substitution are small. Most of them are also quite
precise, supporting the strong conclusion that the elasticity ts unitkely to be much

above 0.1, and may well be zero.

1. Theory of the consumer under uncertain real irterest rates

Finance theory has examined the role of the consumer in an economy with one or
more secur‘itias with stochastic returns. Douglas Breeden (1977,1979) was the
ploneer In what has become known as the consumption capital asset pricing model.
Hansen and Singleton (1983) provide an application of the medel to macroeconomic
consumption data, Manktw, Rotemberg, and Summers (1985} have extended the
model to Include [abor supply. The literature on consumption and stochastic asset
returns has suffered from a serious problem from the polnt of view of the
macroeconomist interested specifically tn the tssue of intertemporal substitution.
In the lterature, consumers are viewed as maximizing the expected value of an
intertemporal utility function,

(1.1) Ze'“ct"“



The parameter a is identified as the coeffictent of relative risk aversion. However,
from the theory of the consumer under certainty, it !s clear that a controls
intertemporal stbstitution as well. The Intertemporal elasticity of substitution, o,
is just the reciprocal of a. If consumers are highly risk averse, they must have low
intertemporal substitution as well.

Larry Selden (1978) has argued that expected uttlity models are inherently 1ll-
sutted to the characterization of intertemporal choice under uncertainty. The logic
of expected utility precludes the needed flexibility to describe a consumer's views
about uncertainty and about consumptlon in different time periods for, for that
matter, about consumption of different commodities). Selden has proposed a more
general framework, based on what he calls the ordinal certainty equivalent (OCE)
representation hypothesis . |

In essence, the OCE approach characterizes the consumer's views about
uncertainty through a cne-pertod utility function, Vic,). The more concave ts V, the
more risk averse is the consumer. But the curvature of V has no bearing on the
consumer's willingness to substitute consumption from one period to another.

Rather, its role I1s to convert the stochastlc c, Into its certainty equivalent, c,.
Spectfically, ;t ts defined by

(1.2) Vic) = ElVic)]



The Intertemporal aspects of preferences are captured by another utt{ity functton, U.
Though Selden deals with the general case where U Is ot separable across time
pertods, this paper will deal exclustvely with the spectal case of separability. In
that case, the consumer®s Intertemporal preferences are described by the uttlity
function,

v

(1.3) s¢f ufe,)

A consumer with a sharply concave u will avoid intertemporal substitution and will
strongly prefer a consumption path that 1s approximately equal tn all time pertods.
For the case of two perlods, with pertod { consumption certaln, Selden obtains
results that support his clalm to a substanttal advance over the expected utiltty
approach.  First, as long as the consumer’s preferences about second-period
uncertainty admit an expected utility representation, conditional on the value of first-
pertod consumption, there exists an OCE representation of his complete preferences.
Second, any expected uttlity preference ordering has an OCE representatlon, but
many Interesting OCE orderings do not have an expected uttlity representation.
Third, and most relevant for this paper, for the OCE ordering based on a V function
with constant relatlve risk aversion and a u functlon with constant intertemporal

elasticity



of substitution, the only member that admits an expected utility representation is
one where the elasticlty of substitution is the reclprocal of the coefftcient of
relative risk averston.

Selden's OCE approach lends itself to empirical work along the lines of Hansen
and Singleton (1983}, In fact, the OCE procedure for estimating the elasticity of
substitution is exactly the same as the procedure employed by Hansen and Singleton
to estimate the reclprocal of the coeffictent of relative risk aversion. From the
standpoint of the OCE representation, Hansen and Singleton have estimated the
elasticity of Intertemporal substitution alone, not some aversge walue of the
intertemporal and risk aversion parameters.

Fo;' the purposes of what follows, 1t Is not necessary to make specific
assumptions about the market setting of the maximization. At one extreme, the
consumer could face a full set of markets in contingent commodities, and then the
budget constraint would say that the swn of all the consumer's demands for the
contingent clalms valued at market prices would equal his endowment. At the other
extreme, the consumer could be Robinson Crusce, with a single risky Investment in
a real asset. Then the budget constraint would say that his holdings of the real asset
could never be negative. For a further discussion of this point, see Sanford
Grossman and Robert Shiller (1982).

In any case, one of the many chotces facing the consumer is to spend a little less



In year t-1, Invest the savings In cne asset, and spend the stochastic proceeds In
year t. Suppose that a unit Investment In year t-1 has the stochastic return er‘t'1 In
year t. At the polnt of maximum expected uttlity, the consumer will have thought
through all possibilities of this kind. In particular, the consumer will have solved

the maximization problem,

(1.4) Max [uc, ) + ¢ ui)
%-1

subject to
(1) certainty equivalence,
(1.5) Vie) = EIVE,)]
and
(11) the budget constraint,

(1.6) —ok 4 o Uler, Lo )
. G T & G4 " G



Here, c*,. i and c*, are glven levels of consumption and Cp_y and c, are feastble
varfations. Taking the dertvative with respect to C;.4 (evaluated at €4 = C*_y and

c, = c*) and substituting the certalnty equivalence definition and the budget

constraint gives the first-order condition,

Ft-1
Ele V’[ct)] ~ 6
(1.7 m u'le,) = e u’(ct_i)
Vie,)

This formula is the precise mathematical formulation of the princtple that the
marginal rate of substitution should equal the ratio of the prices of present and
future consumption.  Under uncertainty, It is not true that the expected marginal
rate of substitution should equal the expected price ratio (the discount function).
Rather, the appropriate discount rate s the risk-adjusted one described by the first
factor In equation {.7; It Is the expectation of the product of the discount function
and the marginal stochastic utility next pertod. This expression Is related to the
“consumption beta" of modern finance theory.

The reallocation condition of equation 1.7 Is the generalization of the proposition
Investigated in my earlier paper (Hall (1978)) that marginal utility should be a



trended random walk when real interest rates are constant over time. Further
progress In translating the reallocation condition into consequences for observed
variables requires assumptions about the distributions of the random influences. A
set of assumptions related to those Introduced by Breeden (1977) seems a natural
approach. First, assume that the real Interest rate, Ty s conditional on Information
avatlable In year t-1, obeys the normal distribution with mean f't_ { @nd varlance Vps
Because Interest rates as they are defined in this paper can be Indefinitely negative,
the normal distributlon ts a natural assumption.  Second, assume that the
consumer's rule for processing new information about Income and interest rates
makes the distributlon of consumption log-normal, conditional on information
avatlable last year; that Is, log ¢, Is normal with mean ét and varfance v, Because
the new information arriving In year t has a bearing on both the actual return to
investments maturtng in t and on the consumer’s long-term well belng estimated In
that year, the two random variables r.q and log c, will be correlated; I wiil let
V.o stard for their covariance.

Breeden assumed, along with all other workers In this area, that the coeffictent
of relative risk aversion and the Intertemporal elasticity of substitution were the
reciprocals of one another. Following Selden, I will assume that the two are

constant, bt are Independent parameters. The coeffictent of relative risk aversion



is a:
(1.8) Viey = S

and the Intertemporal elasticity of substitution Is o

1-1/0
~-C
(1.9} U(C)-— T17s

Then the random vartable In the deftnition of the consumptlon beta, er"'_iV’[ct).
Is log-normal. The rule that the expectatlon of the exponential of a normal random
variable with mean y and variance v is /2 maes 1t stralghtforward to evaluate
the consumption beta. To finish the dertvation of the econometrically useful form of
the allocation condition, I will redefine ¢ to be the log of consumption In the rest of
the paper. The certainty-equivalent consumption Is
(1.10) e, =& + v,
Note that the certainty equivalent log-consumption exceeds or falls short of the mean
of the log of consumption as o is below or above one. However, the certainty

equivalent 1s always less than the log of the mean of consumption, which is
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(1.11) + érv

Now applylng the intertemporal allecation condition and substituting the value of the

certainty-equivalent of consumption gives the relation between

A Yl MR KL AT LRI TR
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log-consumption In peried t given consumption in period t-
distribution of the real Interest rate:

(1.12) C, T or 4ty tKk

Here k is a constant that depends on the varlances and covartance of r and ¢. | will
assume that it does not change significantly over time.

The condition just derived says that the mean level of consumptlon tn period t
generated by the consumer’s cholce as of pertod t-1 1s the level of consumption
chosen for period t-1 plus an adjustment positively related to the mean of the real
Interest rate plus a constant. The coeffictent that governs the influence of the
expected real interest rate Is precisely the elastlcity of intertemperal substitutton.
A high value of o means that, when the real Interest rate is expected to be high, the
consumer will actively defer consumption to the later period.

The condition is a constralnt on the consumption rule. It says that an optimal

rule will wind wp choosing a level of consumption In period t, after the new
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information becomes avatlable, whose mean obeys this restriction. The condition is
not a complete description of consumptlon behavior under uncertainty. It does not
describe the actual amount by which consumption changes when new information
about income or asset returns becomes avatlable.

The actual log of consumption tn pertod t, ¢,» differs from the mean, ét, by a
completely unpredictable surprise, which I will call €. By the hypotheses already
stated, €, 1s a normal random vartable. The two equatlons of Interest can be put in
the form of a bivariate regresston, -

(1.13) e, = af‘t_i tey tk+e

t

1.14) Py = Ft-i + oy
The random vartable ¥, also has the normal distribution.

If the expected real Interest rate, 'r't_ { Is observed directly, then the key
parameter o, the Intertemporal elastlclty of substitution, can be estimated simply by
regressing the log-change In consumption on the expected real rate. That regression
also has the property that no other vartable known in period t-1 belongs 1n the
regression. The strong testable implication of the theory 1s that the mean of the

rate of growth of consumption s shifted only by the mean of the real interest rate.



Information avatlable in year t-1 s helpful In predicting the rate of growth of
consumption only to the extent that it predicts the real interest rate. This testable'
tmplication is the logical extension of the one derived iIn my earller paper (Hall
(1978)) under constancy of real interest rates. In that case, no variable known In
year t-1 should help predict the rate of growth of consumption.

In the OCE framework, the bivarfate relation between consumption and real
Interest rates does not reveal anything about risk aversion. In order to infer
anything about risk aversion, more than one asset must be considered. Esttmation of
the risk aversion parameter would be posstble In a multivariate system with the
real returns to two or more assets. Then the magnitudes of the risk énemiums
together with the correlations of the returns with consumption would provide
estimates of the coeffictent of relative risk aversion.

Hansen and Singleton (1983} studted the joint distribution of the rate of growth
of consumption and asset returns in the conventional expected intertemporal utility
framework. They do not mention intertemporal substitution in thelr discussion at
all. They identify the single critical parameter they estimate as the coefficient of
relatatve risk aversion. Thelr statistical model Is the same as the one derived
here. Thelr estimation technigue involves, In effect, regressing the rate of change
of consumption on expected real asset returns and Interpreting the coefficient as the

reciprocal of the coefficient of relative risk aversion. In their framewark, as I



mentioned earller, the coeffictent Is also the Intertemporal elastleity of
substitution.

It appears that a better Interpretation of Hansen and Singleton’s estimated
coefficient Is the intertemporal elasticity of substitution, not the coefficlent of
relative risk aversion. The OCE framework provides the simplest means for
distinguishing the two, and the coeffictent is unambiguously the Intertemporal one.
The earlier verston of this paper (Hall (1981)) constructed an argument within the
expected wtility framework that reached the same concluston.  Moreover, simple
economic intultion suggests that the rate of change of consumption over time is more
Itkely to reveal something about Intertemporal substitution than about risk aversien.

Hansen and Singleton, and Grossman and Shiller {1982} before them, are on
firm ground In treating the differences In returms among assets as revealing
something about risk aversion. Indeed, Hansen and Singleton’s rejection of the cross-
equation restrictions in a model combining consumption growth with returns on
multiple assets may well ocour because the Intertemporal elasticity of substitution
1s different from the rectprocal of_the coeffictent of relative risk aversion.
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2. Expectations of the real interest rate

The measurement of the expected real Interest rate Is one of the empirical
Issues Investigated in this paper. Two basic approaches are taken. First, I study-
the change in consumption over a pertod for which survey data on expected price
changes are avatlable. The expected real Interest rate Is the market nominal rate
for an instrument of suttable term, adjusted for taxes, less the expected rate of
change of the price level. Real returns from the stock market can also be used in
this framework, because survey data on expected nominal stock prices are available.

The second approach relates the cond!tional mean of the real Interest rate, it- £
to observed variables known fo consumers at the time that they choose ¢.y- Recall
that f't_ { Is the mean of the subjective distribution for the real interest rate held by
the typical consumer at the time consumptlon decistions are made for year t-1.
What T will call the "conventional specification” for expectatlons has been employed
frequently in macroeconomic models dertved from ratlonal expectations and, In
particular, underlles the recent work of Hansen and Singleton. The conventional
specification says that the mean of the subjective distributton s a linear
combination of cbserved variables:

(2.1) ;'t_i = Xt_iﬁ
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and the coefficlents, 8, are known tn advance. Under this spectfication, the complete
medel of expectations and consumptlon becomes a simple application of bivariate
regression with parameter constralnts across the equations.  Alternatively, the
same estimatlon technique can be thought of as Instrumental variables applied to the
consumption equatlon, with the determinants of the expected real rate as the

irstruments. The alternattve 1s the tnterpretation offered by Hansen and Singleton.

3. Time aggregation
The basic equation for the rate of change of consumption,

(3.1) Ac ar"H +k + ¢

t = t
refers to consumption In discrete time. From the dertvatlon in sectton 1, 1t is also
apparent that it applies to observations on the Instantaneous flow of consumption
measured at two points of ttme In a setup where time IS measured continuously.
However, it does not correctly characterize the behavior of time averages of
consumption. If ¢, Is the average flow of consumption over an Interval of continuous

time, then the relation of Its rate of change to the real interest rate ls more

16



complex. ‘

As with other aggregaticn problems In econometrics, time aggregation for the
left-hand variable causes only mild problems. If the right-hand vartable 1s observed
continuously, or at least quite frequently, then the aggregétion of the left-hand
varfable In effect defines an appropriate way to aggregate the righthand vartable.
The problem of time aggregation becomes much more difftcult If only a time average
of the right-hand variable Is avatlable (see Grossman, Meltno, and Shiller (1985)).
However, in the present case, Interest rates and rates of Inflation are measured
menthly or more frequently over the whole ttme span for which any data at all are
avatlable for consumption, so the time aggregation problem is readily soluble.

Suppose that only a time average of consumptlon Is observed, say once a year.

t
and m the month. There is an unobserved % m each month, and 1t evolves as

Each month, the expected real interest rate is known; call 1t © m With t the year

(3.2) c =0Ty t €

tbm t'm

Now write out C-1.m and C; m 35 Increments over the initlal value Cot 10 Note
that
(3.3) e, = Z¢
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Then a Iittle mantpulation shows that the change In aggregate consumption 1s

12 i
3.4) I L

[,
o

(12mtdor, 4 +e )

t,m

1]

m={

Define the time aggregates of the expected real fnterest rate and tbe random

element:
[3.5) E‘t‘i = Z [m—i)f_‘t_iim_i + E [12-m+i)}‘t‘m_i
(3.6) € = 2 [m’“Gt-i,m + 2 [12-m+1)€t'm

Then the relatton among the time aggregates 1s

3.7) &c, = oy t+ €

Two propertles of the aggregate random element €, call for note. Flirst, as Holbrook
Working dertved in a famous paper (1960), €, 1s not white nolse; rather, it obeys a

first-order moving average process with sertal correlation
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0.25. Second, € Is likely to be correlated with Ty

Instruments, even If these variables are uncorrelated at the monthly level.

_{ Or with its determinants or

4. Data

Following are brief definttions of the data serfes used In this study:

¢,: log of real consumption of nondurables (not Including services) in year, -
quarter, or month t, from the U.S. nattonal income and product accounts.  Avatlable
monthly fmm 1959, quarterly from 1947, and annually from 1919, For derivation
before 1929, see Hall (1985),

ry:  realized real return after taxes on a Investment In the Standard and Poor's
900 stock portfolte, llquidated at a later date corresponding to the consumption
variable,

OR
realized real return after taxes from a savings account earning the regulated
passbook interest rate, »

OR
realized real retun after taxes from holding a sequence of four 90-day Treasury

bills over the year.
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hy: log of the S&P 500 index of share prices, deflated.
d,: dividend yleld of the S&P 500.
nominal yleld of Treasury bills, discount basts
q: nominal passbook interest rate in the third quarter
py: log of the tmplictt deflator for consumption of nondurables (used as deflator
for all deflated var{ables).

After-tax magnitudes were calculated using the effective marginal rate under the
federal personal income tax from Barro and Sahasakul (1983). The full nominal
amount of dividends and Interest was assumed to be taxed at this effective mérginal
rate. Capital gains and losses were assumed to be untaxed, on the grounds that the
combination of low statutory rates, taxation cnly at reallzation, and forgiveness of
accrued gains at death make the effective rate close to zero, All data for the study
are listed in an appendix avatlable from the author.



5. Summary of results

Following 1s a brief summary of the various attempts I have made to estimate
the lnter'temporal‘ elastlicity of substltution by regressing the rate of change of
consumption on expected real Interest rates.

The first set of results uses Inflation and stock price expectatlons recorded in
the Livingston survey. In this work, the expected real return is measured directly
and the elasticlty of substitution estimated by simple regression. For real returns
In the stock market, the results are Informattve--the elasticity of substitution is
close to zero and the estlmate has a small standard error. For savings accounts and
Treasury bills, the estimates are almost useless because of large standard errors.
In these cases, the lack of vartation In the expected real return makes it difficult to
estimate the elasiticity. '

A second set of results uses annual changes In consumption starting In 1923,
The real return on Treasury bills Is aggregated from monthly data as suggested 1n
section 3. Because this technique uses a longer span of data and uses all of the data
for each year, the standard error of the estimate of the Intertemporal elasticity Is
much smaller. The point estimate of the elasticity 1s negative, All positive values
l1e outside the 95 percent confidence interval.

A third set of results reconcties the findings of this paper—that the

21



Intertemporal elastlcity is around zero—with Hansen and Singleton's finding of large
positive elasticities. Some of the more ocbvious explanations are rejected: The
discrepancy s not caused by thetr fallure to consider the problem of time
aggregation.  Rather, almost all of the difference comes from their use of
Instruments that are correlated with the innovation in the real return.

A fourth set of results examines Lawrence Summers' (1982} findings of
intertemporal elasticities of around one, using quarterly postwar data. Agaln, use of
properly timed instruments reverses his concluston. |

My overall conclustion from all four sets of results Is that the evidence polnts in
the direction of a low value for the intertemporal elasticity. The value may even be
Zero and s probably not above 0.2.

Before plunging into formal econometric results, I think 1t is useful to indicate |
why the data point foward the answer that pervades of the the results of this paper,
namely that the intertemporal elasticity of substitution 1s small. Some simple facts
about the data are apparent just by taking averages over five-year intervals. The
averaging removes most of the random expectation errors but turns out to leave a
good deal of varfation In the real Interest rate. Figure 1 shows the real after-tax
retun on Treasury bills and the rate of change of consumption for intervals from
1921 through 1940 and 1946-83 (the last interval 1s only three years long).
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Figure 1. Five-year averages of the real return on Treasury bills (horizontal axis)
and the rate of change of consumption (vertical axis), 1921-40 and 1946-83.

Except for three of the observations, the rate of change of consumption 1s close
to s average value of a little below three percent per year. When consumption was

near average, however, the real interest rate varled from -5 percent to +5 percent,



The cnly observation combining a high real Interest rate and rapid consumption
growth was for 1921-25, in the upper right-hand corner. The other observation with
high consumption growth was for 1936-40, when the real Interest rate was almost
exactly zero. The pertod 1931-35 had a high real interest rate and slightly negative
consumption change. As a general matter, F lgure 1 makes a falrly strong case that
periods of high real interest rates have not typtcally been pertods of high
consumption growth. Rather, consumption growth has generally stuck falrly close to
Its average value no matter what has happened to real Interest rates,

6. Results based on the L ivingston survey

Each November, Joseph Livingston asks a panel of economists to predict the
values of a long list of economic variables for the following June. Among the
variables are the Consumer Price Index and the S&P 400 stock price index. From
these, it Is possible to construct three measures of expected real returns that are

relevant for consumers:
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Treasury bills. The starting point Is the market value of a bill maturing in June
as reported In November. All elements of the expected real rate are known except
for the marginal tax rate, which 1s highly predictable. I computed the expected real

retumn at as
6.1) r= logdZ %’?1

Here z is the nominal return measured in discount form at an annual rate (as a
dectmal), m is the marginal tax rate, PN IS the known price level in November, and
Py is the expected price level In June.

Savings accounts. Nominal bank rates, g, nct entirely known in advance, but are

highly predictable. 1 compute the expected real after-tax return as

(6.2) loglte’ 129 - 4 - 7/ 12%%“1



Stocks. I treat the dividend yleld, d, as known and use the survey data for the
expected share price. The expected real after-tax return s

n

' h
7 7. PN
6.3) 1 [(D-(i-m)d+—)—]
Y NP

Here hy Is the known stock price Index tn November and hy 1s the expected index for

the following June. The results from regressing the log-change In consumption on
these three measures of the expected real return are:

Security Estimate of ¢
{standard error)
Treasury btlls 0.346
(0.337%
Savings accounts 0.274
10.330)
Stocks 0.066
(0.050)

The results for treasury bills and savings accounts are hardly conciusive. The
variation In the expected real returns over the 24 7-month periods in the data is

26



Inadequate to provide any useful Information about the elastlcity of substitution, o.
But for the stock market, the results are conclusive. The estimate of o is close to
zero and the standard error 1s small as well. The confidence Interval for o excludes
all values that correspond to strong intertemporal substitution.

7. Results from annuat data with consistent time aggregation

Annual averages of consumptlon are avallable starting just after World War I
Menthly data on the realized return on treasury bills can be calculated for the same
period. Aggregation of the real return data to annual rates, as described in section 3
makes It possible to estimate the intertemporal elasticity of substitution from a
much longer historical record with much more vartance In expected real returns,
Though there are good reasons to doubt thelr accuracy, ordinary least squares
results are a good starting point. The regression coeffictent for the anhuél average
of real returns with the annual log-change In consumption as the dependent vartable
Is, for the years 1924 to 1940 and 1950 to 1983:

Estimate of g: -0.339
(0.104)
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Recall that the disturbance In this regresslon has a theoretlcal serial correlation of
0.25. The Durbin-Watson statistic Is 1.64, close to its theoretical value. After
making the appropriate correction for the first-order moving average process, the
standard error of the regression coefflcient rose by about 10 percent and the value of
the estimate was hardly changed. For this reason, I did not try to make any further
corrections for serfal correlation in the other results.

Ordinary least squares is not a suttable estimator for two reasons. Flrst, after
time aggregation, the disturbance is correlated with the right-hand variable. The
correlation would exist even If the expected real Interest rate were measured
correctly; nothing in the theory rules out the possibility that an event that brings an
upward jump In consumption early In the year will not alse cause an expected real
Interest rate to rise later In the year. Second, when the realled real rate Is used In
place of the expected real rate, the difference, v, 1s probably correlated with the
surprise In consumption. For both reasons, an Instrumental varisbles estimator is
required.

The timing of the Instruments turns out to be critical, [f the data measured the
instantanecus flow of consumption at two isolated polnts, any variable known at the
time that C-4 Was chesen would be eligible as an tnstrument. However, when Cq Is
an annual average, It is apparent that any vartable measured durtng calendar year t-1
can be correlated with the disturbance, €. The most recent permissable instrument

28



1s one measured in December of year t-2. Annual aggregates for year t-2 and earlter

are usable, but not those for year t-i. Accordingly, I used the following as

Instruments: the change In anmual log-consumption in year t-2, the level of the

average real return over year t-2, and the nominal return In December of year t-2
The result from two-stage least squares Is

Estimate of o 0.455
(0.186)

The finding of a negative value of the Intertemperal elasticity of substitution was not
sensitive to the cholce of instruments, as long as endogenous vartables from year t-1
were excluded. Separate estimates for the pre- and post-war periods showed that
the estimate was somewhat negative In the earlier pertod and posttive for the later
pered. However, the pooled estimate clearly rejects all positive values of . It
stmply cannot be sald that the relation between the real return and the rate of change
of consumption supports stroeng Intertemporal substitution.
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8. Results based on recent monthly data

Hansen and Singleton {1983} obtatn resuits which can be Interpreted as evidence
of large values for 0. Although I have not attempted to reproduce thetr results
exactly, simple instrumental estimates do give high estimates of o, espetally over
the particular time pericd they studted. For example, for data from July 1959
through December 1978, with the real rate lagged two, three, and four months and
the rate of change of consumptlon lagged one, two, and three months as instruments,
[ obtain:

Estimate of o 1.342
(0.361)

Incorporating data through December of 1983, I still get a fatrly high value:

Estimate of o:  0.668
(0.235)

However, the use of the immediately lagged change In log-consumption as an

Instrument, following Hansen-Singleton, 1s not permitted in the framework of this



paper. Section 3 showed that last year's change In consumptlon depends on seme of
the same random disturbances as this year’s change. The most recent change in
consumption admissable as an instrument 1s the cne lagged two years.  Dropping
Ac,_y from the list of instruments reduces the estimate of ¢ dramatically:

Estimate of g: 0.207
(0.370)

For the stock market, use of recent monthly data does not change the conclusion
that the estimate of the elasticity 1s reliably low:

Estimate of o: -0.060
(0.051)

Large fluctuations occurred over the pericd from 1959 through 1983 1n the expected
real return from the stock market, not matched by corresponding changes tn the rate
of change of consumption. The monthly results for the stock market strengly confirm

the results from 7-month changes in the earlier study with the Livingston data.
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8. Results based on postwar quarterly data

Lawrence Summers (1982) presents results to support the view that the
Intertemporal elasticity of consumption 1s substanttal. In a subsequent paper
(Summers (1984)), he has cited his findings in making a case for the Interest-
elasticity of saving: "...available evidence tends to suggest that savings are ltkely to
be Interest elastic. I find In the more rellable estimates in my working paper
[Summers (1982)] values of the Intertemporal elastleity of substitution which
cluster at the high end of the range Evans and I constdered [above one]. Similar
estimates are found...by Hansen-Singleton. Where Investigators find low estimates of
intertemporal elasticty of substitution, it is ustally because of the difficulty In
modelling ex ante rates of return on corporate stock."

[ have not tried to duplicate Summers! findings exactly. With postwar quarterly
data on consumption and real after-tax ylelds on Treasury bills, I have obtatned the
following estimate of o using the same Inappropriate instruments as Summers,
namely the real yteld, the inflation rate, and the rate of change of consumption dated
t-1 and t-2:



Estimate of ¢ 0.234
(.120)

However, deletion of the Instruments known to be correlated with the disturbance

reverses the finding of an unambiguously positive o:

Estimateof ¢ -.151
(0.170)

10. Conclustons

My Investigation has shown little basis for a concluslon that the behavior of
aggregate consumption in the United States In the twentleth century reveals an
Important positive value of the Intertemporal elasticity of substitution.  All
Investigators have agreed that the covarlation of stock market returns and
consumption did not suggest that consumption rises more rapldly in times of high

expected real returns in the stock market. Earlier evidence basied on interest-



bearing securities such as Treasury bills kad suggested values of ¢ as high as one.
However, use of appropriate instruments reverces this findlng. Moreover, extension
of the lnvestigatlon o pre-war years strengthens the evidence that periods of high
expected real interest rates have not been pertods of rapld growth of consumptton,

T
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