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This paper uses state-level consumption data to estimate the intertemporal elasticity of
substitution of consumption (IES). In contrast to the results of Hall (1988) and Campbell and
Mankiw (1989), we provide evidence indicating that the IES is significantly different from
zero and probably close to one. Since inference about the IES in the context of the standard
Euler equation is problematic as a result of mis-specification bias, we cast most of our dis-
cussion in the context of the framework developed by Campbell and Mankiw. This modifies
the Euler equation in that a fraction of agents simply consume their income. The use of panel
data to examine the relationship between interest rates and consumption growth has two
advantages. First, we achieve a significant increase in precision, which in particular allows us
to rule out a zero IES. Second, we can use the panel aspect of the data to bypass asset return
measurement problems. In particular, we identify a common time component in expected
consumption growth that is associated with movements in interest rates when the IES is
positive.

INTRODUCTION

The intertemporal elasticity of substitution of consumption (IES) plays a key
role in innumerable policy evaluations. Much of the literature that focuses on
this parameter is based on the estimation of the first-order conditions associ-
ated with intertemporal optimization (the Euler equation approach). However,
as has been emphasized by, among others, Mankiw (1981), Summers (1982),
Hansen and Singelton (1983) and Mankiw et al. (1985), most of the existing
estimates are problematic, since they rely on specifications where the over-
identifying restrictions are rejected by the data. Therefore, without any firm
knowledge of the extent to which such mis-specification biases estimates of the
IES, we can infer nothing from the standard Euler equation formulation with
respect to whether consumption is or is not sensitive to interest rates.

In an attempt to offer a characterization or consumption behaviour that is
more consistent with the data, Campbell and Mankiw have explored a modifi-
cation to the permanent income hypothesis in which a fraction of consumers
follow the rule of thumb consisting of consuming their income.' Under this
alternative specification, Campbell and Mankiw (1989) find that an IES of
zero cannot be rejected by the data. Their results clearly indicate that the mis-
specification of the standard consumption-Euler equation may result in sub-
stantially misleading inferences with respect to the relationship between con-
sumption growth and the interest rate.” In fact, their results suggest that the
main reason why expected consumption growth appears correlated with inter-
est rates is that interest rates are correlated with expected income growth.
While the Campbell-Mankiw specification may lack theoretical foundation,
their setup is attractive in that over-identifying restrictions are not rejected.

© The London School of Economics and Political Science 1996



496 ECONOMICA [AuGgusT

Therefore their findings cast serious doubt on the usefulness of the vast litera-
ture that postulates that consumption is strongly affected by interest rates.

The goal of this paper is to use a panel of state-level data for the United
States to re-evaluate whether or not consumption is sensitive to the interest
rate. In particular, we want to explore the issue in a manner that is robust to
possible mis-specifications inherent to the standard consumption—Euler equa-
tion. Hereby we cast most of our discussion within the framework developed
by Campbell and Mankiw, since we believe it offers an important benchmark
against which results can be compared.’

The use of panel data to evaluate the relationship between interest rates
and consumption growth is attractive for two reasons. First, using state-level
data provides more precise estimates of the IES than using nationwide aggre-
gate data. The gain in precision is of particular importance when we adopt the
specification of consumption behaviour that includes the possibility of rule-of-
thumb consumers. We show that, when using aggregate US data, estimates of
the IES are very imprecise when rule-of-thumb consumers are permitted. For
example, using nondurable goods as the measure of consumption, almost any
value between 0 and 1-5 cannot be rejected.*

Second, we can use the panel aspect of the data to bypass asset return
measurement problems.’ To this effect, we identify a common time component
in expected consumption growth across states that is associated with interest
rate movements when the IES is positive. This allows us to evaluate whether
changes in expected asset returns affect consumption growth, without using
any particular measure of asset returns. The approach has the additional
advantage that it provides us with a means of examining whether the docu-
mented rejections of the over-identifying restrictions in the Euler equation are
a result of asset return measurement problems.

The main results of the paper can be summarized as follows. First, in con-
trast to the recent results from aggregate data, using state-level consumption
data we strongly reject a zero IES. When we include rule-of-thumb consumers,
we find the IES to be significantly different from 0 with point estimates close
to 1. Second, we find that there is a significant time-varying common com-
ponent in expected consumption growth across states, after controlling for
expected income growth. Moreover, the common time component is quite simi-
lar to the expected real return on Treasury bills. These results confirm that
consumption growth is affected by interest rates (the IES is positive). Finally,
we find that the presence of rule-of-thumb consumers is a simple, but robust,
interpretation of the failure of the permanent income hypothesis, which cannot
be explained away by interest rate mismeasurement.

The paper is structured as follows. In Section I we review the Euler equa-
tion approach to estimating the IES as well as Campbell and Mankiw’s modi-
fication which introduces rule-of-thumb consumers. In Section II we use
aggregate US data to document the failures of the standard Euler equation
approach and to indicate how the introduction of rule-of-thumb consumers
leads to very imprecise estimates of the IES. Section IIT describes our state-
level data-set, which is subsequently used to examine the relationship between
consumption growth and interest rates through a set of panel regressions. Sec-
tion IV gathers concluding comments.
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I. EMPIRICAL SPECIFICATIONS FOR CONSUMPTION BEHAVIOUR

Much of the literature that examines the IES is based on estimating the first-
order conditions associated with the following maximization.

oo 1-o
max E(,[Z (1+[3"C—'-—]
l-o

{Clizo t=0
s.t. A+ C=Y,+A4,,(1+r).

In this maximization C, represents consumption, Y, stands for labour income,
A, represents assets and r, denotes the real return of an asset held from period
t—1 to period ¢. Under the assumption that asset returns have a log-normal
distribution, the Euler equation derived from this maximization leads to the
characterization of consumption growth given by equation (1). In (1), g/ is the
growth rate in consumption from ¢ —1 to ¢, E,, is the conditional expectation
operator based on information available at time ¢ — 1, € is an expectational
error that is uncorrelated with ¢ — 1 information, and k, represents a covariance
term which is assumed to be constant over the sample period:

¢ 1
(1 gz=k1+;Ex—l(rx)+£x-

A consistent estimate of 1/¢, which is the IES, can be obtained by replacing
E,_\(r,) by the ex post real return on an asset and then estimating the equation
by instrumental variables. Under rational expectations, any variables dated
t—1 or earlier are admissible as instruments. However, as emphasized by Hall
(1988), instruments dated ¢ — 1 may be problematic since the variables used for
analysis are all time aggregates. Therefore, in all that follows, we use only
instruments that are dated ¢ —2 or earlier.

If, instead of assuming that all consumers in the economy choose consump-
tion in order to satisfy equation (1), we follow Campbell and Mankiw and
assume that a fraction of consumption is done by ‘rule-of-thumb’ consumers
who simply consume their present income, then the appropriate specification
for consumption growth is given by equation (2). In (2), A represents the frac-
tion of consumption that is done by rule-of-thumb consumers, g} represents
the growth rate in income and 6= (1-1)/o:

(2) gf=k,+9E,_|(r,)+lE,_1(gf)+£,.

Consistent estimators of 8 and A in equation (2) can again be obtained by
instrumental variables once the expected return on the asset and the expected
growth rate of income are replaced by their realized values. As instruments,
any variable dated ¢ —2 or earlier should be admissible.

Equation (2) can alternatively be derived while maintaining the assumption
that all consumers are intertemporal maximizers but dropping the assumption
that changes in asset positions are without cost. For example, if we assume
that consumer’s intertemporal utility function is given by the equation below,
where V() represents the utility cost of changing assets, then a log-linear
approximation to the corresponding Euler equation results in an equation
identical to (2). The only difference is the interpretation of A. Under an adjust-
ment cost formulation, A reflects the cost of portfolio adjustment relative to
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the gains in consumption smoothing. Nevertheless, the relationship between
the IES and the parameters in (2) remains IES= 6/(1 —A):

3 (1+ B {UC) = Vi~ (14 r) AT,

U”(-)<0 and V”(-)>0.

Throughout the paper we will refer to (2) as the rule-of-thumb specification,
even though there are obviously alternative interpretations, as the above
example suggests.

II. ESTIMATES OF THE INTERTEMPORAL ELASTICITY OF SUBSTITUTION
USING AGGREGATE US DATA

In this section we estimate equations (1) and (2) using aggregate US data. The
main objective is to document the difficulties associated with using economy-
wide data to infer values for the IES. We also determine whether results are
sensitive to sample period and consumption measures, since this will be import-
ant for assessing the applicability of our results where we use only state-level
data on nondurable goods consumption over the period 1978-91.

The estimations are based on quarterly aggregate US data from 1953(1) to
1991(T). Campbell and Mankiw (1987, 1989, 1990) also start their sample per-
iod in 1953(I). Some earlier studies, such as Hall (1978, 1988) and Flavin
(1981), use a sample period starting in 1947. By starting the period in 1953 we
avoid the Korean war, and also circumvent an extreme outlier in the last quar-
ter of 1950.°

Details on data sources and construction of variables can be found in the
Appendix. Here we will provide only a brief description. Four types of con-
sumption variables are considered: deseasonalized expenditures on non-
durables (ND), non-deseasonalized expenditures on non-durables (ND-NS),
deseasonalized expenditures on non-durables plus services (NDS), and non-
deseasonilized retail sales of non-durables. The latter is included since it corre-
sponds to the data on consumption that are available at the state level. More-
over, since the state-level retail sales data are available only since 1978, we also
provide estimates of the IES for the sub-period 1978(1)-1991(I). We use two
measures of aggregate retail sales data: one for the country as a whole (Retail)
and one that corresponds to the aggregate consumption of the 19 states in our
panel (Retail-19).” Data for ND and NDS are available at constant prices,
while the other series are divided by the quarterly nondurables consumer price
index. All consumption variables are divided by the population. We use two
types of nominal return variables: the three-month Treasury bill (T-bill) rate
and the stock return on the Standard and Poor 500. The ex post real return
on Treasury bills is calculated by taking the average three-month after-tax T-
bill interest rate and subtracting the quarterly inflation rate, which depends on
the choice of the consumption variable. The real stock return is the quarterly
after-tax dividend return, plus capital gains, minus the quarterly inflation rate.
For now we will assume a constant tax rate of 30% on interest and dividend.
However, we will also report some results based on time-varying estimates of
the effective marginal tax rate.’
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In order to be consistent with the earlier work by Campbell and Mankiw
(1989), we use the same measure for income in the estimation of equation (2)
when ND or NDS is used as the consumption measure. The income variable
is per capita disposable personal income at constant prices, a series published
by Citibase. Since this measure is not available at the state level, in order to
make our results comparable with those in the panel regressions of the next
section, we use a different measure for real per capita income when either
Retail, Retail-19 or ND-NS is used as the consumption measure. In these cases,
nominal personal income is divided by the overall CPI deflator and population.

TABLE 1
ESTIMATION RESULTS FOR EULER EQUATION: AGGREGATE US DATA

p-value
Sample Consumption Return Instruments Lags IES (s.e.) OID test
0] )] 3 @ ® (O] )]
1953(D-1991(1) ND T-bill T-bill 3 0-375(0-124) 0-001
ND T-bill T-bill 4 0-370 (0-124) 0-002
ND T-bill T-bill, g° 4 0-334(0-108) 0-002
ND Stock Stock, g° 3 0-035(0-037) 0-115
NDS T-bill T-bill 3 0-255(0-118) 0017
NDS T-bill T-bill 4 0-245(0-118) 0-021
NDS T-bill T-bill, g° 4 0:229 (0-111) 0-005
NDS Stock Stock, g° 3 -0-009 (0-027) 0114
1978(1)-1991(1) ND T-bill T-bill 3 0-486 (0-158) 0-026
ND T-bill T-bill, g° 3 0-358(0-142) 0-001
ND Stock Stock, g° 3 0-091 (0-068) 0-126
ND-NS T-bill T-bill 3 0-494 (0-382) 0-034
ND-NS T-bill T-bill, g° 3 0-348 (0-364) 0-019
ND-NS Stock Stock, g° 3 0-026 (0-101) 0-059
Retail T-bill T-bill 3 0423 (0-222) 0-034
Retail T-bill T-bill, g° 3 0-339 (0-201) 0-081
Retail Stock Stock, g° 3 0-069 (0-051) 0-300
Retail-19 T-bill T-bill 3 0-509 (0.248) 0-125
Retail-19 T-bill T-bill, g° 3 " 0-399 (0-223) 0-119
Retail-19 Stock Stock, g° 3 0-104 (0-059) 0459
NDS T-bill T-bill 3 0-379 (0-164) 0-056
NDS T-bill T-bill, g° 3 0-344 (0-160) 0011
NDS Stock Stock, g° 3 0-037 (0-040) 0-022

Notes: The table shows the results from estimating the Euler equation g;=S;+ IES E(r,), using
aggregate US data. Here S; is a season dummy when the consumption measure is not de-seasonal-
ized, and a constant otherwise. Column (2) shows the type of consumption measure: ND = (de-
seasonalized) nondurables, ND-NS= non-de-seasonalized nondurables, NDS= nondurables plus
services, Retail= aggregate US retail sales (non-de-seasonalized), Retail-19= aggregate retail sales
over 19 US states. Column (3) shows the type of asset return measure used. Columns (4) and (5)
show the type of instruments and the number of lags used (e.g. ‘lag= 3’ means that instruments
of 2, 3 and 4 quarters lagged are used). Column (6) reports the estimated intertemporal elasticity
of substitution and its standard error. The final column provides the p-value of the y’(k — 1) over-
identification (OID) test, where k is the number of instruments.

Table 1 presents estimates derived from estimating equation (1). The
column ‘Lags’ indicates how many lags are used for each instrument. For
example, three lags means that instruments at z -2, £ -3, and ¢ —4 are used.
The first point to note is that there is a significant difference between the results
based on stock returns and those on Treasury bills. Like Hall (1988), we find
that the results based on stock returns always show estimates of the IES that
are very close to zero, with small standard errors. However, results based on
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stock returns are potentially questionable since stock returns are hard to pre-
dict. In particular, Nelson and Startz (1990) have shown that when instruments
are poor, the small sample properties of IV estimates are unreliable. Therefore,
we consider the results based on T-bill returns to be more dependable.

The results in Table 1 obtained when using the T-bill rate as the asset
variable almost uniformly suggest an IES that is greater than 0. The point
estimates for the long sample are mostly in a range between 0-25 and 0-4, with
standard errors near 0-12. Using nondurables consumption and a T-bill return,
for the sample period 1947-83 Hall (1988) found a small and insignificant IES.
The difference can be attributed to the outlier in the last quarter of 1950 that
was mentioned above. Remarkably, we find that, while the results are practi-
cally the same as those in Table 1 if we start the sample in 1951(I), starting
the sample in 1950(IV) or earlier leads to an IES that is insignificant. When
using the Hall sample (1947-83), the point estimate for the IES drops to 0-034
with a standard error of 0-130 when ND is used as our measure of consumption
and four lags of the T-bill rate and consumption growth are used as instru-
ments. A similar pattern emerges using other measures of consumption and
other choices of instrument.’

The last column in Table 1 shows the p-value associated with the xz(k -1
Lagrange Multiplier test of over-identifying (OID) restrictions, where k is the
number of instruments.'® When the T-bill rate is used as the measure of asset
return, the overidentifying restrictions are rejected for the 1953(I)-1991(I)
sample. The test is obviously weaker for the shorter sample for 1978(1)-1991(I),
although even then we still find rejections of the OID restrictions in most cases.

Table 2 presents results corresponding to the estimation of equation (2)
where rule-of-thumb consumers are introduced. Here the return variable is
always based on the T-bill rate. The estimate of A, which represents the fraction
of rule-of-thumb consumers, is always positive and significant."" This suggests
that the standard Euler equation without rule-of-thumb consumers is based on
a mis-specified model. The last column shows the p-value associated with a
x°(k —2) Lagrange Multiplier test of OID restrictions. This provides some evi-
dence in favour of the permanent-income-cum-rule-of-thumb specification. We
are never able to reject the OID restrictions at the 5% level, even for the long
sample 1953(1)-1991(1).

It is especially important to note that in Table 2 the estimates of the IES
are insignificantly different from 0 in both sample periods. An IES of 0 cannot
be rejected if one is ready to accept the possibility of rule-of-thumb consumers,
which is the conclusion reached by Campbell and Mankiw (1989)."” However,
the opposing view of relatively high values for the IES cannot be rejected
either. For example, based on the entire sample period and based on the meas-
ure of consumption that includes only nondurable goods, the IES could take
on any value between 0 and 1-5. In the case where services are included in
consumption, our estimates of the IES suggest values between 0 and 0-6.

Table 3 reports some results when the marginal tax rate on interest income
is allowed to vary over time instead of being fixed at 30%. Annual estimates
of the effective marginal tax rate on interest income are taken from Gravelle
(1994). Tax rates are assumed to be constant within a year. The results in Table
3 are very similar to those found in Tables 1 and 2, even though tax rates vary
from 23% to 36% in both samples.
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TABLE 2

ESTIMATION RESULTS FOR CAMPBELL-MANKIW SPECIFICATION:
AGGREGATE US DATA

p-value

Consumption Instruments Lags 0 (s.e.) A (s.e.) IES (s.e.) OID test
0] 2 3 C)) )] © @]

(a) 1953(1)-1991(1)
ND T-bill, g° 3 0-211(0-122) 0-763 (0-252) 0-889 (0-959) 0-074
ND T-bill, g° 4 0-222(0-112) 0-717(0-203) 0-785 (0-590) 0-162
ND T-bill, g°, g’ 3 0-215(0-108) 0-596 (0-196) 0-522(0-319) 0-083
NDS T-bill, g° 3 0122 (0:107) 0-463 (0-139) 0-228 (0-197) 0206
NDS T-bill, g° 4 0-134(0-105) 0-469 (0-112) 0-251(0-192) 0417
NDS T-bill, g°, g’ 3 0-116 (0:102) 0-388 (0-111) 0-190(0-162) 0-363
(b) 1978(1)-1991(1)
ND T-bill, g° 4 0-231(0-164) 0-848 (0-274) 1-522(2:696) 0-786
ND T-bill, g° 3 0-311(0-204) 1-008 (0-353) —37(-1569) 0-925
ND T-bill, g°, g” 3 0-295(0-184) 0-885(0-203) 2-598 (6-843) 0-874
ND-NS T-bill, g° 3 -0-168(0-429) 1-272 (0-459) 0-615(-1-462) 0-510
ND-NS T-bill, g° 4 0417 (0-464) 1-387(0:660) 1-076 (-1-487) 0-867
ND-NS T-bill, g°, g’ 3 -0:141(0-415) 1-262 (0-448) 0-537 (-1-460) 0-840
Retail T-bill, g° 3 0-215(0-196) 0-636 (0-242) 0:589 (0-584) 0-525
Retail T-bill, g° 4 0-202(0-173) 0-631(0-234) 0-548 (0-535) 0-746
Retail T-bill, g°, g’ 3 0-219(0-190) 0-592(0-236) 0-536(0-236) 0-328
Retail-19 T-bill, g° 3 0-271(0:219) 0-659 (0-271) 0-793(0-784) 0-552
Retail-19 T-bill, g° 4 0-210(0-194) 0-672(0-262) 0-641(0-713) 0-666
Retail-19 T-bill, g°, g’ 3 0-280(0-213) 0-601 (0-265) 0-701 (0-607) 0-286
NDS T-bill, g° 3 0-288 (0-182) 0-524 (0-180) 0-604 (0-423) 0-595
NDS T-bill, g° 4 0-223(0:153) 0-392(0-125) 0-367 (0-248) 0234
NDS T-bill, g°, g” 3 0-274 (0-166) 0-439 (0-155) 0-488 (0-309) 0-551

Notes: The table shows the results from estimating the Campbell-Mankiw specification
g:=S;+ OE(r,) + AE(g}), using aggregate US data. Here S; is a season dummy when the consump-
tion measure is not de-seasonalized, and a constant otherwise. The T-bill rate is used as the asset
return measure. Column (1) shows the type of consumption measure: ND = (de-seasonalized) non-
durables, ND-NS= non-de-seasonalized nondurables, NDS= nondurables plus services, Retail=
aggregate US retail sales (non-de-seasonalized), Retail-19 = aggregate retail sales over 19 US states.
Columns (2) and (3) show the type of instruments and the number of lags used. The next three
columns report parameter estimates, with standard errors in brackets. The final column provides
the p-value of the x’(k —2) over-identification test, where k is the number of instruments.

In Tables 1, 2 and 3 we find that the estimates of the IES are always higher
when based on nondurables consumption as opposed to the consumption of
nondurables plus services. This may be explained by the fact that services
include medical expenditures and a flow measure for housing services. For
one, most medical services are insured, and insurance companies provide few
incentives for consumers to substitute intertemporally. Therefore estimating a
low IES for services may reflect more the difficulty of providing incentives
within medical insurance policies than the actual willingness of consumers to
substitute. Second, the imputed cost of housing is the largest item in services,
and since its measurment does not include expected capital gains or losses, it
may also be contributing to the lower estimates of the IES. In effect, since the
quantity of housing services is almost fixed in the short run, any desire to
substitute intertemporally will have to be reflected in the cost of housing.
Consequently, any mis-measurement of the actual cost of housing could greatly
impair any evidence of short-run intertemporal substitution, and therefore
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TABLE 3

EsTIMATION RESULTS FOR AGGREGATE US DATA WITH A
TiME-VARIABLE Tax RATE

p-value
Consumption  Instruments Lags IES (s.e.) OID test
Table 1 results with time-variable tax rate
(a) 1953(D-1991(1)
ND T-bill, g, 4 0:340(0-109) 0-003
NDS T-bill, g, 4  0-237(0-108) 0-005
(b) 1978(1)-1991()
ND T-bill, g, 3 0-361(0-143) 0-002
NDS T-bill, g, 3 0-339(0-152) 0-016
Retail-19 T-bill, g, 3 0-409 (0-233) 0-141
Table 2 results with time-variable tax rate
(a) 1953(1)-1991(1)

p-value

Consumption  Instruments Lags 6 (s.e) A(s.e) 1ES (s.e.) OID test
ND T-bill, g° 3 0206 (0-123)  0-749 (0-251)  0-820(0-835) 0-067
NDS ) T-bill, g° 3 0-123(0:105) 0-453(0-140) 0-225(0-187) 0192
(b) 1978(1)-1991(1)
ND T-bill, g° 0-298 (0-204)  0-991(0-349) 34-33 (1375) 0923

3
NDS T-bill, g° 3 0274(0-170) 0499(0-176) 0-546(0-367)  0-559
Retail-19 T-bill, g° 3 0268(0230) 0639(0-275) 0-741(0-730)  0-539

Notes: This table shows some of the results of Tables 1 and 2 when the after-tax return on Treasury
bills is measured using a time-variable effective tax rate obtained from Gravelle (1994). The
symbols are the same as in the previous two tables.

implies that estimating the IES using these measures for services may lead to
unreliable estimates.

III. ESTIMATING THE IES WITH STATE-LEVEL DATA

The results of the previous section indicate that estimates of the IES that are
based on the standard Euler equation specification for consumption (equation
(1)) are generally significantly different from 0 with point estimates mostly in
a range between 0-25 and 0-4. However, the fact that expected income growth
significantly helps predict consumption growth in equation (2) signals an
important problem with the standard specification of consumption Euler equa-
tions. If we accept the introduction of rule-of-thumb consumers as a reason-
able modification to the theory, we find that aggregate US data provide very
little information regarding the value of the IES. Therefore, based on aggregate
US data, we believe that it is problematic to infer much regarding the value of
the IES.

In this section we use state-level consumption data in view of improving
our knowledge of the IES. We begin by showing that, conditional on accepting
the structural interpretation of equation (2), the data strongly suggest that the
IES (for nondurable goods) is greater than 0-5 and most probably close to 1.
In order to assess the relevance of this result, we further exploit the panel
aspect of the data to examine whether the permanent-income-cum-rule-of-
thumb interpretation of the data is robust. In particular, we examine whether
the presence of rule-of-thumb consumers may be an artefact caused by the
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mis-measurement of interest rates and whether the T-bill rate is in fact an
appropriate measure of asset returns.

The consumption data we use are state-level retail sales data for nondurable
goods. These are unpublished data available from the Bureau of the Census.
Our data-set includes non-adjusted quarterly data from 19 states over the per-
iod 1978(1)-1991(I). The states are: California, Florida, Illinois, Indiana,
Louisiana, Maryland, Massachusetts, Michigan, Minnesota, Missouri, New
Jersey, New York, North Carolina, Ohio, Pennsylvania, Tennessee, Texas, Vir-
ginia and Wisconsin. For all other states, either these data are not available or
they are available only since 1987(I). Consumption is deflated using regional
consumer price indices for nondurable goods and is divided by state
population.” For each of these states, we use personal income by state of
residence as our measure of income. These data are obtained from the Bureau
of Economic Analysis. State income is deflated by the consumer price index
for all goods, and divided by state population. The ex post state asset returns
are the average three-month US T-bill rate minus the holding period regional
inflation rate. The Appendix provides further details on the data used.

TABLE 4

ESTIMATION CAMPBELL-MANKIW SPECIFICATION: 19 STATES PANEL DATA,
1978(1)-1991(1)

p-value
Instruments Lags 0 (s.e) A(s.e.) IES (s.e.) OID test
M (@) 3 @ O] 6
T-bill, g° 4 0-392(0:115) 0-629 (0-095) 1057 (0-370) 1-000
T-bill, g° 3 0-469 (0-127) 0-599 (0-098) 1171 (0-376) 1-000
T-bill, g° 2 0-642(0-143) 0-338 (0:130) 0970 (0-242) 0-998
T-bill, g°, g 3 0-476 (0-123) 0-597 (0:093) 1-182(0-362) 0974
T-bill, g°, &7 3 0-352(0:111) 0-558 (0-094) 0-797 (0-263) 0-985
T-bill, g°, g™ 3 0-311(0:108) 0-519(0-092) 0-646 (0-225) 0996
T-bill, g°, & 3 0-513(0-125) 0-496 (0-092) 1-018 (0-280) 1-000
T-bill, g’ 3 0-381(0-131) 0-675(0-113) 1171 (0-488) 0-328
T-bill, g 3 0-336(0-117) 0-573(0-111) 0-786 (0-284) 0113
T-bill, g™ 3 0-304 (0:120) 0-540(0-114) 0-662(0-252) 0-230
T-bill, g& 3 0436 (0-137) 0-583(0:112) 1-044 (0-365) 0-801
T-bill, g° 3 0-465(0-131) 0-600 (0-099) 1-162(0-382) 1:000

Notes: The table reports results from estimating the Campbell-Mankiw specification based on a
19-state panel data-set. The estimated equation is gi;= S;; + OE(r, — m;) + AE(g)). Here S, is a state-
specific season dummy. The state consumption measure is non-de-seasonalized nondurables retail
sales. State income is personal income, deflated by the consumer price index. The asset return
variable is the T-bill rates minus regional inflation (using a nondurables consumption price index).
The instruments in column (1) are all aggregate variables. The final column provides the p-value
of a x°(19 x k —2) over-identification test, where k is the number of instruments. The final row
reports the results when a time-variable tax rate is used to compute the after-tax return on T-bills.

Table 4 presents results from estimating equation (2) using the state-level
data. The instruments are a full set of state dummies interacted with different
combinations of the real return on Treasury bills, and the growth of aggregate
US personal income, aggregate US consumption of nondurable goods (retail
sales data), aggregate US private investment and total government spending
on goods and services. Note that, by allowing the instrument set to be com-
prised of aggregate variables interacted with state-level dummies, we are in
fact allowing predicted income growth to differ between states. The variance—
covariance structure of the error term allows for heteroscedasticity across
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states . and for arbitrary contemporaneous covariances between states. The
serial correlation in the error term was found to be insignificant and therefore
was set to zero. Since the state-level consumption data are not de-seasonalized,
we estimate equation (2) with seasonal dummies that are allowed to vary
between states.

The results in Table 4 are all quite similar. The estimates of the IES cluster
around 1 with a standard error of approximately 0-3, clearly rejected an IES
of 0. Furthermore, we cannot reject the over-identifying restrictions." Com-
pared ‘with the results using aggregate data, the most important change is in
terms of precision. The improved precision comes from two sources. First, the
cross-state variation in expected income growth greatly improves the precision
in A, which directly translates into more precision for the IES. Second, the
estimation efficiency is improved by allowing for an arbitrary contempor-
aneous variance—covariance structure of the residuals across states. Potentially,
the cross-state variation in real returns could also be contributing to the
improved precision arising from differences in expected inflation. However,
this variation is rather insignificant in our data."

The results from Table 4 depend on our particular measure of asset returns.
In principle, both the Euler equation and the Campbell-Mankiw specification
should hold for all assets. However, asset return measurement problems may
enter in various ways. First, not all agents (other than rule-of-thumb con-
sumers) necessarily have access to all asset markets. Therefore a different mar-
ginal rate of return may be relevant for different consumers. Such consumer
heterogeneity may warrant the use of an average rate of return on different
assets instead of the rate on only one asset. Second, because of transaction
costs, it is unclear how to determine the relevant marginal return for the rep-
resentative consumer. Finally, without an exact knowledge of the representa-
tive consumer’s decision periods, uncertainty about the appropriate time
aggregation of the interest rates will be present.

Note that each of these problems can lead to a measurement error that is
not uncorrelated over time and therefore is not necessarily cured by the use of
instrumental variables. It is quite possible that the apparent superiority of the
rule-of-thumb specification is a result of an imprecise measure of the appropri-
ate asset return. Since our estimates of the IES depend on the validity of the
Campbell-Mankiw specification, it is worthwhile investigating this possibility.
One of the advantages of panel data is that it is feasible to examine whether
the perceived superiority of the rule-of-thumb specification and our finding
of a significantly positive IES, are a reflection of asset return measurement
problems.

Examining biases arising from inappropriate measures of interest rates

In order to understand the biases that can be caused by an improper choice of
interest rate, let us consider the state-level counterpart to equation (1), given
by (3). Since the retail sales data are not de-seasonalized, (3) explicitly includes
seasonal effects. In this equation, subscript i denotes the state, the variables
S, represent state-level seasonal effects (j=1,...,4) and Q,_, represents the
aggregate information set at time 7—1; the term x;, — &, is the differential
between state-level inflation and aggregate inflation and reflects the possibility
of different real interest rates between states.'® Even though information sets
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may differ among states, it is always possible to express all expectations with
respect to aggregate variables as long as the aggregate information is assumed
to be available in each state:

¢ 1 1
(3) 8it= Si,j +(—7‘E(r,/Q.,_1) _EE(ni,t_nt/Qt—l)‘l' Eis.

If we assume that we know how to measure the relevant ex post real interest
rate r,, then we can estimate (3) by instrumental variables. This has been our
maintained hypothesis to date. However, if our choice of interest rate is
inappropriate, this could lead to rejections of the over-identifying restrictions
and a bias in favour of finding rule-of-thumb consumers. To see this, let the
conditional expectation of the appropriate real interest rate be given by equa-
tion (4) and that of an inappropriate interest rate, denoted 7,, be given by (5):

) E(r,/Qu1)=Q 171,
(5) E(Fl/Qt—l):Q;—l'Yz.
Using (4) and (5), we can rewrite (3) as in (6):

(6) g:,lz Si,j +1El—l(fl) _l -1 = m)+ 3:',1"'—1"9;—1(71 ~72)

c c c
If v,#y,, then the error term in equation (6) includes all variables in the
information set. Consequently, an inappropriate choice of asset return could
be the case of the rejection of the over-identifying restrictions and could be the
reason for the better fit of the rule-of-thumb specification.

In order to examine this possibility, it is useful to estimate equation (6) by
replacing E(r,/€,-,) by its unrestricted form given in (5) and including
expected income growth as an additional regressor. On the one hand, if the
failure of the standard Euler equations for consumption is due to a mis-
measurement of the interest rate, then allowing for expected state income
growth in this less restrictive specification should lead to an insignificant coef-
ficient on income. On the other hand, even if A is significant and the rule-of-
thumb specification is appropriate, an inappropriate choice of interest rates
could lead to a bias in the estimates of the fraction of the population that are
rule-of-thumb consumers. Consequently, replacing the expected real interest
rate by its unrestricted reduced form should allow us to determine the biases
in the estimates of A that can be due to the difficulty in measuring interest
rates.

Table 5 presents the results associated with the estimation of equation (7)
for different aggregate information sets Q,_,. Equation (7) modifies (3) in the
following manner: (a) the expected interest rate is replaced by its unrestricted
reduced form to avoid the need of identifying the proper measure for asset
returns; (b) expected income growth is included to test for the presence of
rule-of-thumb consumers; (c) the information set is restricted to include only
information as of time ¢ — 2 in order to avoid problems caused by time aggre-
gation; and (d) the expected inflation differential is set to zero. The last modi-
fication is adopted only because we could not reject the fact that the expected
inflation differentials between states are 0 based on aggregate information.
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TABLE 5

IDENTIFICATION OF A COMMON TIME EFFECT IN CONSUMPTION GROWTH FOR
19 StATES, 1978(1)-1991(1)

p-value p-value p-value

Instruments Lags A(s.e.) (time effect)  (T-bill= time effect) (OID test)
0] 2 3 @ ® (O]

T-bill, g° 4 0-449 (0-114) 0-004 0-069 1-000
T-bill, g° 3 0-417(0-118) 0-001 0-096 1-000
T-bill, g° 2 0-267 (0-155) 0-000 0-020 0-994
T-bill, g°, g’ 3 0-486(0-111) 0-000 0-001 0951
T-bill, g°, g 3 0-334(0-113) 0-002 0016 0959
T-bill, g°, g™ 3 0-335(0:111) 0-002 0-007 0984
T-bill, g°, & 3 0-369(0-111) 0-000 0-043 1000
T-bill, g 3 0-596 (0-132) 0-000 0-000 0-242
T-bill, g 3 0-475(0-127) 0-010 0-068 0-070
T-bill, g™ 3 0:521(0-128) 0-006 0-013 0-190
T-bill, £ 3 0:555(0-125) 0-001 0-068 0-762

Notes: The table shows results from estimating the equation gi=S;;+([(1-A)/clyiQ -2
+AE(gh/Q:-,). Here Q,-, contains the aggregate variables that are used as instruments, and S;;
is a state-specific season dummy. Column (4) reports the p-value associated with the y*(k) test that
there is no common time component in expected consumption growth ([(1 —A)/c]y=0). Here k
is the number of instruments. Column (5) provides the p-value of the x’(k — 1) test that the common
time component is proportional to the expected T-bill rate. The final column reports the p-value
ofa 12(19 x k — (k + 1)) test of over-identifying restrictions.

Nevertheless, none of our results are sensitive to the inclusion of this differen-
tial and, correspondingly, when it is included its estimation coefficient is always
close to 0 and very imprecisely estimated.”” Our estimation of (7) again allows
for cross-state correlations in the error terms and for cross-state
heteroscedasticity:'®

(4 1 _A' ’
0] 8= SrJ+771Qc—2+AE(g{x/Qr—z)'*'&,c-

It is important to note that the estimation of equation (7) requires panel
data. With only time-series data, it is impossible to identify simultaneously an
unrestricted time effect and the effect of expected income growth resulting
from collinearity. With state-level data, the cross-sectional variation in
expected income growth allows us to identify these two components, since for
each state expected income growth is a different linear combination of the
variables in the information set. In order words, there is state-specific time
variation in predicted income growth owing to the difference in the pre-
dictability of state income. Note that this identification is possible because the
instruments are aggregate variables interacted with state-level dummies."”

The third column in Table 5 presents estimates of A, while the fourth col-
umn reports the p-value associated with the chi-square statistic for the test that
the vector [(1 —A)/c]y = 0. If the interest rate is predictable (y #0) and not all
consumers are of the rule-of-thumb type (A< 1), then this test corresponds to
the null hypothesis that IES=0. The fifth column is a chi-square statistic
associated with the hypothesis that, conditional on expected income growth,
aggregate variables affect expected consumption growth only in proportion to
the linear combination that predicts the T-bill return; that is, it is a test of
whether the T-bill return is an appropriate measure of the interest rate faced
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by optimizing consumers. The final column shows the p-value of the chi-square
test of over-identifying restrictions.”

The p-values reported in column (4) indicate that there is a significant com-
mon time effect, [(1 —A)/c]y1€,-,, driving expected state-level consumption
growth, even after controlling for expected income growth. This estimated time
effect should reflect the common cross-state substitution pattern that is induced
by changes in the intertemporal price of consumption. The results therefore
provide strong evidence of a positive IES.

Table 5 also shows that mis-measurement of interest rates cannot account
for the rejection of the standard Euler equation specification. In fact, the esti-
mates of 4 in all cases are quite significant, and the over-identifying restrictions
are again not rejected. The average of the point estimates for A is 0-44. This is
only 0-11 below the average of the estimates reported in Table 4, when the real
return on T-bills was assumed to be an appropriate measure of the interest
rate. It may suggest a slight mismeasurement of the interest rate, although the
difference is not statistically significant. Together, these results confirm the
difficulties associates with the pure permanent income hypothesis and suggest
that the rule-of-thumb specification may possibly be a better description of
aggregate consumer behaviour.

Since our point estimates for the IES were based on the choice of the
expected T-bill rate as the asset return measure, it is of interest to know
whether the common time effect is fully captured by movements in the expected
T-bill return. We therefore test whether equation (7) admits the restrictions
imposed by setting [(1 —A)/oc]y1Q,-, proportional to E(r,/Q,-,), where r, is
the real T-bill return. The p-values of this test, reported in column (5) of Table
5, show that at the 1% significant level we reject this null hypothesis in only 3
of the 11 cases; at the 5% level, we reject in 7 cases that the expected T-bill
rate is the appropriate measure of asset return.

In order to provide a visual background to these findings, Figures 1 and 2
plot both the yearly average of this estimated common time -effect
([(1 = X)/0]y1,-,) and the yearly average of the expected real return on three-
month Treasury bills. The unobserved expected return variable should be a
linear function of the estimated common time effect and therefore this time
effect has been scaled to be comparable with the expected real return on Treas-
ury bills. The difference between the two figures is the set of variables used as
instruments. Figure 1 corresponds to the specification in row 4 of Table 5,
where the instruments are the real return on Treasury bills, US consumption
growth and US income growth. This figure has been chosen as a representation
of one of thé worst fits within the table (the p-value in column (5) is 0-001).
Figure 2 corresponds to the specification in row 2, where the instruments are
the real return on Treasury bills and US consumption growth. This figure has
been chosen as one of the best fits (the p-value is 0:096). Even though our
formal test corresponding to the case of Figure 1 rejects the fact that the T-
bill rate is the correct asset return measure, we find that the estimated common
time effect does in fact move quite closely with the expected return on Treasury
bills. This is suggestive of a common response across states to changes in
expected asset returns. The similarity of the expected T-bill rate and common
time component is even more striking in Figure 2, where the expected T-bill
return explains over 90% of the variance in the common time effect.
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FIGURE 2

The most telling aspects of Figures 1 and 2 come from the observations in
the late 1970s and early 1980s. In the late 1970s, income growth was positive
but the common time effect in expected consumption growth is observed below
mean potentially because of a low interest rate. In contrast, in 1982 income
growth was weak, but high expected interest rates seem to drive expected con-
sumption growth high above its mean.

The similarity between the expected T-bill rate and the common time effect
provides further support for our point estimates of the IES based on the
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expected T-bill rate. But at a minimum, the observation that there is a signifi-
cant common time effect in state-level expected consumption growth is sub-
stantial evidence in favour of the hypothesis that the IES is different from 0.

IV. CoNcCLUSION

The aim of this paper is to provide insight with regard to the value of the
intertemporal elasticity of substitution of consumption. As we have shown,
aggregate data for the entire US economy are rather uninformative on this
subject. In contrast, using a panel of state-level data, we find that the IES for
nondurables consumption is significantly different from 0, and probably close
to 1. In further support of a positive relationship between interest rates and
expected consumption growth, we identify a significant common time compo-
nent in expected consumption growth across states. Moreover, we document a
close relationship between this common time component and the expected T-
bill return. Together, these results provide considerable evidence of the willing-
ness of consumers to substitute intertemporally in response to interest rate
movements.

DATA APPENDIX

Data sources

1. Citibase: Retrieval codes are provided in brackets. From this source we obtain quar-
terly de-seasonalized personal consumption of nondurable goods at constant prices
(GCN), quarterly de-seasonalized personal consumption of services at constant prices
(GCS), disposable income per capita at 1987 prices (GYDPCQ), three-month T-bill
rate (FYGN3), Standard and Poors’ composite stock price index (FSPCOM), Standard
and Poors’ dividend yield on common stock composite (FSDXP), quarterly disposable
personal income (G YD), quarterly GNP at 1987 prices (GNPQ), quarterly gross private
domestic investment at 1987 prices (GPIQ), quarterly government consumption
(GGEQ), quarterly nondurables consumption price deflator (GDCN), quarterly services
price deflator (GDCS), monthly CPI-U index for all items (PZUNEW), and monthly
population (POP).

2. Survey of Current Business, Department of Commerce: From this source we obtain
nominal quarterly non-seasonally adjusted personal consumption of nondurables.
Below it is referred to as NDNSNOM.

3. Monthly Retail Survey, Bureau of the Census: From this source we obtain nominal
monthly non-seasonally adjusted retail sales of nondurables, both the aggregate and
the data for the 19 states mentioned in the text. These data are unpubhshed We refer
to this series as RET below.

4. Bureau of Economic Analysis (quarterly personal income diskette): From this source
we obtain non-deseasonalized quarterly nominal personal state income data, referred
to as NSY below. We also obtain annual state population data from this source,
referred to as N below.

5. CPI Detailed Report, Bureau of Labor Statistics: From this source we obtain a quar-
terly regional price index for nondurable consumption goods. The data are available
for four large regions. Refer to this as PND.

Computation of Variables used in the Regressions

To the extent that monthly data are used, they are first aggregated to the quarterly
frequency. The annual state population data are converted to the quarterly frequency
through interpolation.

1. Left-hand-side consumption variable: ND= GCN/POP; ND—-NS=NDNSNOM/
(N*GDCN); NDS=(GCN+ GCS)/POP; Retail= RET/(N * GDCN); Retail; (panel
regressions)= RET;/(N;* PND,).

© The London School of Economics and Political Science 1996



510 ECONOMICA [auGusT

2. Right-hand-side variables: (i) Income. When the left-hand-side variable is not retail
sales, income is equal to GYDPCQ,; otherwise, income is NSY/(POP * PZUNEW) for
aggregate data, and NSY,/(N;* PZUNEW) for panel data.

(ii) Asset returns. After-tax T-bill return= (1 — 7)FYGN3 — z. The tax rate 7 is either
set at 0-3, or is the time variable rate obtained from Gravelle (1994). Since the data
.from Gravelle are annual, the tax rate is assumed to be the same in all quarters within
a year. The inflation rate = 7mpcy (inflation rate in the GDCN index) when ND,
ND - NS, or aggregate retail sales is the left-hand-side consumption measure; 7=
0-5776pcs + 0-43mgpey when NDS is the consumption measure; m;= Tpyp, in the panel
regressions. The after-tax stock return is computed as follows. Monthly dividends are
obtained by multiplying the yield series FSDXP with the stock price index FSPCOM.
The stock return from quarter ¢ to ¢+ 1 is then computed as the average after-tax
dividend in quarter ¢+ 1, divided by the average stock price index in ¢, plus the relative
change in the average stock price index from quarter ¢ to ¢+ 1.

3. Instruments. To the extent that (the growth rate of ) consumption, asset returns or
(the growth rate of ) personal income are used as instruments, they are simply based
on lags of the variables discussed above. When NDS, ND, ND-NS, or Retail are used
as the left-hand-side consumption measure, their lagged growth rates are used when g,
is an instrument. When Retail-19 or panel data are used, lagged growth rates of Retail
are used when g, is an instrument. In the panel regressions, additional instruments are
(the growth rate of) per capita real GNP= GNPQ/POP, per capita real government
consumption= GCEQ/POP, and per capita real private investment= GPIQ/POP.
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NOTES

1. They find that about 45% of all consumption is done by such rule-of-thumb consumers, with
a standard error of about 20%. This is a little higher, but consistent, with studies by Hall and
Mishkin (1982), Mariger (1986) and Jappelli (1990), who, using different methods, all find that
about 20% of US households are liquidity-constrained.

2. Campbell and Mankiw (1989) find estimates of the IES for the optimizing consumers close to
0-2. By redoing their regressions, we find that the corresponding standard error is also 0-2.

3. Papers that have adopted this specification are Campbell and Mankiw (1987, 1989, 1990,
1991), as well as Bayoumi and Klein (1994), Lusardi (1991), Shea (1993) and van Wincoop
(1995).

4. Our approach of using regional panel data also has some advantages over the use of micro-
level panel data, as in Runkle (1991) and Zeldes (1989). In particular, PSID data suffer from
significant measurement error and a consumption measure that includes only food.

5. As shown by Christiano (1989), adding measurement error to the interest rate can lead to low
and insignificant point estimates of the IES, which might account for the results by Hall (1988)
and Campbell and Mankiw (1989). In Section III below we discuss various factors that may
give rise to mismeasurement of asset returns.

6. In the last quarter of 1950 deseasonalized consumption of non-durables rose by 0-2% annually,
leading to significant inflation and a real return on Treasury bills of —16% annually for that
quarter.

7. The instruments used are always based on national data, and not on the sum of the 19 states.
This is because retail sales data for 1976 and 1977 are available nationally, but not for individ-
ual states.

8. We focus mainly on the results with a tax rate set at 30% in order to be more easily comparable

with previous studies.

. When we estimate the reverse normalization of the Euler equation, which corresponds to
regressing asset returns on expected consumption growth, we find estimates of 1/IES close to
1. These estimates are similar to the results of Hansen and Singleton (1983) and Summers
(1982), who also estimate 1/1ES instead of the IES. The difference in results coming from a
choice of normalization is an indication of mis-specification,

R=}
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10. The x*(k — 1) test statistic is T times the R’ from the regression of the residuals derived from
estimating (1) by IV on the instruments. This test is appropriate in our context since we do
not find any evidence of autocorrelation in error terms from the IV regression.

11. We examined whether non-separabilities between either consumption and leisure, present con-
sumption and past consumption or the consumption of durable and nondurable goods could
explain this observation. We did not find any evidence in favour of such a hypothesis.

12. Our results using aggregate data are very similar to those presented by Campbell and Mankiw.
For example, based on the sample period 1953-86 and on the consumption of nondurable
goods and services, we estimate the 1ES to be approximately 0-2 with a standard error of 0-2.

13. State-level price indices are not available. Therefore we use regional price indices from the
Bureau of the Census. They are available for four large regions (the West, Midwest, Northeast
and South).

14. Since we are interacting state-level dummies with aggregate variables, we have a total of 19 x k
instruments, where £ is the number of aggregate instruments. Consequently, we have 19 x k -2
over identifying restrictions that can be tested.

15. One other possible means of obtaining more precise estimates of the IES would be to include
state-specific variables in the instrument set. However, we found that such additions had
v1rtually no effects on our results. For example, when we use three lags of the T-bill rate, g°
and g; as instruments, our estimates are 6=0-505 (0-143), A=0561 (0-082) IES = 1-150 (0-346),.
Both point estimates and standard errors are close to the numbers reported in Table 4 with
three lags of the Treasury bill and g° as instruments. The advantage of using only aggregate
instruments in Table 4 is that it allows for better comparison with the results of Table 5.

16. Note that the estimates presented in Table 4 were obtained by imposing that the coefficient
on E,_(r,) be equal to the coefficient on —E,_(n;, — 7).

17. The estimates presented in Table 4 are also insensitive to adopting the hypothesis that the
expected inflation differentials across regions are zero.

18. We found no evidence of serial correlation of the error term.

19. In order to see more formally that equation (7) is well identified, consider an example with
two states. Let E(gh/Q,-2)= Q|-,a;, where a; is a k x 1 vector (k is the number of aggregate
variables in Q). Let g° be the vector that stacks the time-series of consumption growth in the
two states. Then, ignoring the season dummies, we need to estimate the regression g°= X +¢,
where

B= (1 /'Ly]) and XY= (Q 0)(1 oc,).

O, 0 Q/\I a,
Here Q is the T'x k matrix of aggregate variables and I is the k x k identity matrix. For the
regression to be well identified, we need the matrix (; &!) to have rank k + 1, which equals the
number of parameters to be estimated. This is clearly the case as long as a;#a;, so that
expected income growth is a different linear combination of aggregate variables in the two
states.

20. The number of over-identification restrictions is (19 x k) — (k + 1), since we are estimating & + 1
parameters.
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