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IS CONSUMPTION INSUFFICIENTLY SENSITIVE
TO INNOVATIONS IN INCOME?
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ABSTRACT

Deaton (1986) has noted that if income is a first-order auto-
regressive process in first differences, then a simple version of
Friedman's permanent income hypothesis (SPIH) implies that mea-
gured U.S. consumption is insufficiently sensitive to innovations
in income. This paper argues that this implication of the SPIH is
a consequence of the fact that it ignores the role of the substi-
tution effect in the consumption decision. TUsing a parameiric
version of the standard model of economic growth, the paper shows
that very small movements in interest rates are sufficient to
induce an empirically plausible amount of consumption smoothing.
Since an overall evaluation of the model's explanation for the
observed smoothness of consumption requires examining its implica-
tions for other aspects of the data, the paper also explores some
of these. .
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A basic fact about U.S. macroeconomic data is +that .
consumption is a much smoother time series than income. A classic
explanation for this is a simple version of Friedman's permanent
income hypothesis (SPIH). According to the SPIH, an innovation to
current income causes households to revise their consumption plan
by the annuity value of that innovationnl/ The annuity value is
computed under the assumption of a constant interest rate.—g-/ When
U.S. income data are modeled as the sum of a linear trend and a
covariance stationary process, then innovations to income do not
affect the long-run income outlook and their annuity value is
smaller +than the innovation itself [Deaton, 1986, eqgns.
(7)-(8)]. Thus, with this model of income the SPIH predicts,
correctly, that consumption is smoother than income in the sense
that consumption's innovations are a fraction of income's.

However, a growing number of researchers are attracted
to the view that U.S. income data can be represented as a posi-
tively autocorrelated process in first differences. 1In this view,
an innovation to income produces a change in the long-run outlook
for income and has an annuity value greater than the innovation
itself. Then, the SPIH has the strongly counterfactual impli-
cation that consumption is less smooth than income. Put differ-
ently, measured U.S. consumption is insufficiently sensitive %o
innovations in income, relative to the SPIH and a first-difference
specification for income. This is an implication emphasized by

Deaton (1986).



The analysis below suggests that the reason for the
SPIH's counterfactual implication is its fixed interest rate
assumption. Using a parametric version of the standard model of
economic growth, in which the log of income has a unit autoregres-
give root, I show that very small movements in interest rates are
enough to induce an empirically plausible amount of consumption
smoothing.

The particular model I study is G. Hansen's (1985),
modified so that it displays growth on average and variasbles like
the log of consumption and of income are difference stationary
processes. (Another model that formalizes the argument in this
paper is Christiano, Eichenbaum, and Marshall's, 1987.) In this
model, disturbances to output are generated by marginal productiv-
ify shocks, so that a jump in output produces not only an income
effect--as the SPIH emphasizes-~but also a small- substitution
effects I find that the smoothness of consumption relative to
income implied by this model is about what is observed. This is
noteworthy because the model's parameter values are chosen to
match averages of U.S. time series data, with second-moment prop-
erties playing 2 minimal role. A serious evaluation of the mod-
el's explanation for consumption smoothing cannot ignore its
implications for other aspects of the data. I therefore also

explore some of these.

I. The Model
At date t = 0, a representative agent chooses decision

rules for ci, hy, and dk; to maximizeéf
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(1) E%&f{Mct-y%L fory > 0

subject to the technology

(2) ¢, +k, - [(1-8)/n]k,_, = n‘e(ztht)(1'e)ki_1.

Here c4 denotes consumption, ht hours worked, ki end-of-quarter
stock of capital, and dk; capital investment in quarter t. The
expression on the right side of (2) is output Y+ This is assumed
to be related to ky_ 4, hy, and a_technology shock zy by a Cobb-
Douglas production function. The variables ki and dk; are related
by k4 - [(1-8)/n]ky 4 = dk,. All variables are measured per cap-
ita. Assumed constant are the parameters n, the gross growth rate
of the population, and §, the rate of depreciation of & unit of
capital.

The growth rate x4 of the technology shock is assumed to
be covariance stationary with a first-order autoregressive struc-

ture. In particular,

(3) z, = 2,_jexp(x,), X =u +px,_, +e,, for |p]| <1

where e is white noise. According to (3), the average growth
rate of the technology shock is u/(1-p), with first-order autocor-
relation p. In the model, Cir Ty ki, and dkt grow at the same
rate as z;. On average, per capita hours ht do not grow, which is
roughly in accord with postwar U.S. experience.

To derive the model's implications for the stochastic
properties of its endogenous variables, the decision rules are
needed. Because obtaining these exactly is complicated, instead I

obtain approximations. (For details, see Christiano, 1986b.)



The analysis also requires the equilibrium rate ry at
which a unit of consumption can be transformed risklessly from t
to t + 1. This is defined as

_ ‘au(ct,ht)/act
BEdulc, 1+B,,1)/8C, ]

(4) 1+r, =

Here u(ct,ht) = log (cy) =~ yhy and Cy = Nycy, where N, is the
population in guarter t. When O is small, the averages value of
ry is [u/(1-p)](n/8) -~ 1. This is roughly the sum of the economy-
wide rate of consumption growth [nu/(1-p)v- 1] and the subjective

rate of time discount (8~1 - 1).

II. Parameter Values

To deduce the model's quantitative implications, values

must be assigned to its parameters. I choose thesesi/ p = ~.077,
B = 0035, vy = 0026, n = 1.00324, B8 = .99, § = .018, 8 = .39, and
o, = +019. The value of n is the average quarterly growth in the

€

quality-adjusted, working-age population in 1952-84. With this
value, § = 018 is required if the gross investment series implied
by dkt is to resemble the gross investment series published by the
U.S. Department of Commerce. The value of B is from Kydland and
Prescott (1982). Values for 6, y, and u/(1-p) are chosen to
roughly match the model's implications for the average values of
hy, ct/yt, and kt/yt with their empirical counterparts in U.S.
data for 1956.2-1984.1. The implied averages (and empirical
values) for these variables are 3%23.9 (320.4), .72 (.72), and
11.32 (10.58), respectively. The values of p, u, and o, are based

on an analysis of the time series properties of %4, which can be



measured using data on yy, ki, and hg given the values assigned to
6 and n.

Consumption is defined as public and private consumption
of goods, services, and the services of the stock of durables.
The stock of capital is defined as the stock of public and private
equipment and structures plus the stock of consumer durables plus
public and private residential capital. Capital investment is
defined to conform to the definition of the capifal stock. I use
G. Hansen's (1984) time series on hours ﬁorked measured in effi-
ciency units. Variables are converted to per capita terms by the
working-age population, measured in efficiency units. The risk-
free rate is proxied by the ex post real return on three-month
U.S. Treasury bills. (For further details on tﬁe data and this

methodology for choosing parameter values, see Christiano, 1986a.)

ITI. Relative Smoothness of Consumption

Here I describe the dynamic properties of the model from
two perspectives. First, the model's shock response function is
used to deduce the model's implication for the relative smoothness
of consumption and income. Then several of the model's wncondi-
tional second-moment properties are examined. These provide an
alternative, complementary, measure of smoothness.

Figure 1 shows the first 30 quarters' responses of Cys
hy, dkt, and y; to a one standard deviation innovation in the
growth rate of the technology shock zi in period 2 given that the
system is on a steady-state growth path in t = 0, 1 (that is, e, =

.019, e, = 0 for t = 0, 1, 3, 4, «es). 'The curves are the quar-



terly percentage deviations in these variables from a baseline
scenario in which ey = O for t+ = 0, 1, 2, 3, «ss.

With the assumed stochastic structure of z4, an innova-
tion to zy is 92.85 percent [100/(1-p)] permanent. Thus, in
period 2, Z4 jumps 1.9 percent above its baseline growth path,
then declines to a path 1.76 percent above the baseline. After
the shock, all the model’'s variables except r; and hy end up 1.76
percent above the baseline. As Figure 1 shows, consumption rises
only gradually to this higher growth path. In particular, house-
holds choose not to adjust consumption immediately, as the SPIH--
which only recognizes an income effect--implies. This reflects
households’' desire to delay consumption when the return to invest-
ment is high (the substitution effect). Thus, capital investment
responds strongly.

On Figure 1, note the early spikes in the responses of
dkt, ht’ and yi. This reflects the fact that T7.15 percent of the
initial 1.9 percent jump in z; is only temporary. The lack of a
spikg in ¢y reflects the small response of consumption to a tempo-
rary disturbance, which explains the pronounced spike in capital
investment. Hours also respond fairly strongly to the temporary
component in the productivity shock (as in G. Hansen, 1985).

The ratio of the Jjumps in consumption and income in
period 2 is .32; that is, consumption's innovation is about 32
percent of income's. The empirically measured value of this ratio

is 33 percent~§/



The shock responmse of ry is not on Figure 1 because it
is so small. In the steady state, r, = 1.01667. After the shock,
riy vrises to 1.01728, then declines monotonically back to
1.01667. Thus, the effect on the interest rate is a negligible
8ix one-hundredths of a basis point. Evidently, this model gener-
ates an empirically plausible degree of smoothness in consumption
with only very little variation in the interest rate.

Next, I report smoothness properties of the model based
on unconditional second moments. I refér to these measures of
smoothness as volatility. Table 1 reports measures of the vola-
tility of ¢y, dky, hy, and r; relative to that of y; as well as
the volatility of y, itself. The volatility of cy, dky, and y; is
the standard deviation of thé log of the first difference of these
variables. The volatility of h; and ry is the standard deviation
of their levels. The relative volatility measures are the ratios
of these to the volatility of y,. All standard deviations are
computed for variables predicted by the model to be covariance
stationary. Means and standard deviations for the volatility
measures are computed b& gimulating 1,000 sets of 112 observations
from the model. In each simulation, the decision rules of the
model are solved with initial conditions on a steady-state growth
path and et's drawn independently from a normal random number
generator with mean zero and standard error .019.

Table 1 also shows empirical estimates of the volatility
measures for the U.S. economy. Note that consumption's relative

volatility is .49. This is quite close to the mo@el's prediction,



which is only about 1.6 standard deviations lower. Thus--relative
to this model, but in striking contrast to the SPIH~--if there is a
puzzle it is that the empirical relative variability of consump-

tion is too high, not too low.

IV. Other Implicationg of the Model

The model does less well on other dimensions. Table 1
shows that the empirical measures for both investment and hours,
for example, are more than thrge standard deviations from the
model's predictions.

The most substantial evidence in Table 1 of a mismatch
between the model's implications and the data is that for the
rigk-free return. The empirical measure of its relative varigbil-
ity is 110.32 standard deviations higher than the model's predic-
tion. Also, the empirical correlation between the risk-free rate
and consumption growth is 14.45 standard deviations below that
correlation in the model, and the empirical average of the risk-
free rate is 16.07 standard deviations below the model's aver-
age; It is not clear whether these discrepancies reflect short-
comings of the model or of my empirical measure of the risk-free
ratené/

Another thing the model explains less well is the serial
correlation in Ac, and Ay,. [Aut z log(ut)-log(ut_1).] For
example, as expected given the small movements in Ty Act is
virtually uncorrelated with lagged Acy, Ayy, Adky, T, and ht‘
The corresponding empirical quantities are all larger. (Only the

correlation with lagged Ac, ig in Table 1.) What' is perhaps more



surprising is that the serial correlation properties of y, closely
match those of %y with capital accumulation seemingly playing a
small role. Thus, the model's first-order autocorrelation of Ay,
is -<.119, or 5.34 standard deviations below the empirical value.
Not surprisingly, part of the reason this model can match the
observed relative smoothness of consumption is this negative
serial correlation. For example, with p = .2 but all other param-
eters, including u/(1-p), unchanged, the first-order serial cor-
relation of Ay, averages the empiricallj plausible .349, with
standard deviation .084. Here, however, a consumption innovation
is 51 percent of an income innovation and the volatility of con-
sumption is 66 percent that of income, with standard deviation
.038. ‘ Although these numbers are higher than the corresponding
empirical values, they are considerably lower than what would be
implied by the SPIH. As before, this is brought about by very

small movements in the interest rate.
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Notes

1/1. Hansen (1985) and Sargent (1986) study a general
equilibrium, representative agent growth model which rationalizes
the SPIH. The essential feature of their model is that the tech-
nology shock only affects the average product of capital; the
ﬁarginal product is constant. Also, wutility is quadratic in
consumption, and hours are not in the model. _

2/1¢ e(L)jt = C(L)ey is the ARMA representative for
income y; and r is the real (assumed fixed) rate of interest, tﬁen
the annuity value of an innovation ey in T is
r C((1+r)_1)/9((1+r)-1). (See Deaton, 1986.)

E/One interpretation of +the immortal representative
agent is Aiyagari's (1986). 1In a framework that nests mine, he
shows how a utility function expressed in terms of per capita
consumption and hours, like (1), can summarize preferences in an
economy that has a growing number of overlapping generations of
people with finite lives and operative bhequest motives. Like
mine, Aiyagari's is a model with uncertainty in which per capita
consumption, capital, and output grow on average.

ﬁ/The approximate decision rules for k; and h; implied
by these values are k, = ztexp{9.75+.9494[1og(kt_1)-1og(zt_1)-
9.75] =~ .9441(x4-.00325)} and hy = exp{5.78-.4540] log(ky_1)-
log(zy_q)-9.75] + .5201(x4~.00325)}. (See Christiano, 1986b, for
details.) Decision rules for the model's other variables are

derived using (2) and the definition of the production function.
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E/I estimate this by dividing the standard deviation of
the innovation to consumption by the corresponding quantity for
income, as implied by a three-lag vector autoregression in cy -
Cy_q and Vg = Tgeq® My estimate of 33 percent is consistent with
Deaton's (1986) estimate of 50 percent since my measure of ¥y
includes capital income, whereas his only includes labor income.
Labor income is a fairly steady 66 percent of GNP. (See
Christiano, 1986a, n. 2.1.)

5/ For example, while T-bills may be close to risk frese,
the average household cannot borrow much, if at all, at this
rate. In addition, the return on T-bills reflects not Just their
function of ftransferring consumption intertemporally, but also
their function of providing liquidity. The model abstracts from

the latter.
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Table 1--Selected Second-Moment Properties

Model Simula*!;:l.ons;D

(Standard U.Ss.
Statistic® Mean Deviation) Estimates®
o /oy 44 (.031) .49
04K/ 2.56 (.170) 1.91
on/oy 378.23 (93.80) 669.59
op/oy 0777 (.0196) ' 2.24
oy " .0176 (.0012)- 0115
Er, 017 (.0009) -0024
pr,Ac(O) 533 (.031) 085
Prc,acl?) .059 (.108) 271
pAy,Ay(1) -.119 (.093) 361
a

o, E are the volatility and mean, respectively, of the indicated

variable. p_ v(-r) is the correlation between u(t) and v(t-t),
?

=0, 1. Au(t) denotes log u(t) -~ log u(t-1).

by 4000, each 112 quarters long.
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Figure 1. Response of Modei to ¢, = .019:
% Deviations From Steady-State Baseline



