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Univarfate wvs., Multivariate Forecasts of GNP Growth and Stock Returms:
Evidence and Implications for the Persistence of Shocks, Detrending Methods,

and Tests of the Permanent Income Hypothesis.
1. Introduction

Lagged GNP growth rates are poor forecasters of future GNP growth rates
in postwar US data and data from many other countries. A high GNP growth
rate today does not seem to signal lower growth rates in the future that
would bring the level of GNP back towards a trend. This observation has led
many researchers to the conclusion that GNP 1s reughly a random walk.
However, other variables are much better forecasters of future GNP growth,
and this multivariate evidence shows that GNP does in fact contain strong

mean-reverting or temporary components.

The consumption/GNP ratlo Is the most important variable for long-run
GNP forecasts, since it is stable over long periocds of time, since it is
highly autocorrelated, and since consumption is nearly a random walk. GNP
declines more cthan consumption in a recession, so the consumption/GNP ratio
rises. Viewing such a rtise in the consumption/GNP ratio, one can forecast
that GNP must eventually rise again to reestablish the historical ratio.
Thus a change in the consumption/GNF ratio can be used to forecast long term
movements in GNP growth., Since consumption is nearly a random walk, GNP must
do mest of thea adjusting: the ratio forecasts long term GNP growth rather
than long term consumption growth. Its high autocorrelation means that the
consumption/GNP ratio ‘can pick up long horizon movements in GNP that a more

cheppy right hand variable might miss.

Roughly similar statements are true of lJabor income and stock prices.
Lagged labor income growth is a poor forecaster of future labor inceme
growth, and lagged returns are poor forecasters of future returns. The
consumption/labor income ratio is a much better forecaster of labor income
growth, and the dividend/price ratio is a much better forecaster of returns.
Each implies much more temporary variation than is suggested by univariate

regressions.




This paper documents this characterization of the data, extending the
results of Cochrane and Shordone (1988), King, Plosser, Stock and Watson
(1989), and especially Fama (1990), and explores its iImplications for
measurements of the persistence of shocks to GNP, for methods of detrending
or "cyclically adjusting” GNF, for the excess smoothness of consumption found
In tests of the permanent income hypothesls, and for time-variation in

expected stock returns.

Section 2 studies the persistence of shocks to GNP. This issus has heen
the focus of a large body of empirical research (see Nelson and Plosser
(1982), Campbell and Mankiw (1987) Clark (I987), Cochrane (1588), Cogley
(1990) among many others), If GNP growth rates are not forecastable, then

shoeks are permanent, se there is no "business cycle” to study,

We will find two novelties in using multivariate information to study
the persistence of shocks to GNP. Firskt, with sevéral variables there are
several shocks, and these shocks contain more information than wunivariate
shocks, A univariate "shock te GNP" is a movement in GNP growth not forecast
by past GNP growth, But a multivariate shock to GNP 1s z movement in GNP
prowth not forecast hy!past GNP growth and other varjsbles, and thus contains
more information. Furthermore, GNP will generally respond to {multivariate}
shocks rto other variables as well as shocks te GNP, where we can only trace

its respemse to its own shacks in a univariate regression.

I find that GNP behaves much like a random walk in its univariate
representation, but that GNP displays transitory variation in response to
multivarfate shocks. GNP’s response to a consumption shock 1is partly
permanent but alsc partly ctemporary. Hore importantly, GNP’s response to a
GNP sheck holding consumption constant is almest entirely transitory., This
has a natural interpretation: If consumption does not change, permanent
income must not have changed, so any such change in GNP must be entirely
transitory. Thus, by isolating GNP shocks with no consumption change, the

multivariate system is better ahle to document tempsrary components in GNP



than regressions of GNP growth on lagged GNP growth.l

Second, even if we are only iInterested in the response of GNP to
univariate shocks, an estimate of that response formed from a regression of
GNP growth on its own past is different from an estimate formed by finding
the univariate GNP process Implied by a regression of GNF growth on other
wariables. This is a general proposition: a pth order vector autoregression
implies different wunivariate processes than pth order wunivariate
autoregressions {Zellner and Palm (1978)). But it is especially true when
the lagged consumption/GNP ratio is a right hand variable. The VAR imposes
that this rdtio is stationary, so the permanent component of GNP canmnot vary
more than that of comsumpticn. The VAR exploits this informatien to make an
improved estimate of GNP’'s long-run response to univariate shocks, and this
estimate shows more transitory variation than estimates based on wnivariate

autoregressions.

Section 3 examines implications of multivariate GNP forecasts for
detrending or "cyclically adjusting” GNP. The linear trends of the 60's
broke down with the "productivity slowdown" of the 70's, and there has since
been much interest in estimating stochastic trends fer GNP. This issue (in
part) originally motivated the literature on persistence and unit roots. A
good stochastic trend should not respond to business cycles (if they exisr),
but should respond to long-term fluctuations in GNP in a sensible way, to
allow definitions of eyclieally adjusted budget deficits, or ratios of

monekary aggregates to cyclically adjusted GHF.

1Cochrane and Shordone (1988) show that the permanent income hypothesis
implies that consumption and GNP are cointegrated and consumption is a random
walk, so one can measure the variance of the permanent component of GNP by
the variance of the permanent component of consumption, which is consumption
itself. Fama (1990} explores the permanent income story in detail and uses
it to interpret the response of GNP and investment to a consumptlon
("wealth") shock. He suggests the use of consumption to measure the
permanent component of income, and documents the importance for forecasting
GNP growth of the consumption/GNP ratio together with the observatlon that
consumption is nearly a randem walk.




As univariate and multivariate forecasts of GNP growth differ,
univariate and multivariate estimakes of stochastiece trends differ. A
stochastic trend based on a univariare GNP autoregression is essentially the
same as GNP itself, since that autoregression has little power to forecast
GNF growth. The multivariate estimate of a stochastic trend is very close to
consumption multiplied by the wean GNP/consumption ratio. Thus It responds
to long-term movements in GNP as consumption does, but moves little over
business cycles. It ecan also be interpreted as an instance of the permanent
income hypothesis: the multivariate trend in GNP is (approximately) permanent
income, as revealed by consumption. .

Section 4 examines implications for "excess smoothness" rejections of
the permanent income hypothesis. The persistence of income shocks has had an
immediate economic application in this area., Tf income really is a random
walk, as the univariate evldence suggests, then censumption changes should
equal income changes. Since the variance of consumption changes is a good
deal less than that of income changes, the permanent income hypothesis has
been rejected in favor of "excess smoothness" of consumption. (See Deaton
(1987), GCampbell and Deaton (1989), Gampbell and Mankiw (198%). Flavin
(1988), Hansen, Roberds and Sargent (1990} and Quah (1990) critiecize this
literature,) Section & wverifies this finding based on univariate labor
income regressions, but finds that the mean-Teversion in labor income implied
by multivariate estimates easily explains the smoothness of consumption

growth,

Section 5 uses the same techniques to examine time-variation in expected
stock returns, or equivalently, the existence of temporary components in
stock prices. Fama and French (1988a) and Poterba and Summers {1%88) found
some evidence that lagged returns forecast future returms, Richardson (1990)
and others have argued that the apparent forecast power of lagged returns is
statistically insignificant. However Fama and French (1988b) find that other
variables, and the dividend/price rtatie in particular, are strong and
statlstically significant predictors of Future returns. (See also Hodrick
(1990} for a statistical investigation.} Similarly, Gochrane and Sbordone

(1988} find that multivariate generalizations of Poterba and Summers’



variance ratios rthat include dividends indicate much larger temporary

components in prices.

I find that prices and dividends behave much like GNP and consumption.
Returns have very little univariate predictability, so prices look like a
univariate random walk., But prices display very different responses to the
two shocks one can define in a bivariate system, The response of prices (and
dividends) to a dividend shock is almost entirely permanent; the response of
prices to to a price shock holding dividends constant is entirely transitory,

while dividends show no response to this shock.

This also has a natural interpretatieon, A shock to dividends c¢an come
with no change in discount rates, and hence no change in expected Teturns.
The shock to dividends has an entirely permarnent effect on dividends. (One
interpretation of this feature has managers setting dividends to "permanent
earnings", inducing a random walk just like permanent income consumers.)
Hence, the shock to dividends should and dees have an entirely permanent
effect on  prices. On the other hand, a shock to prices with mno
contemporaneous change in dividends suggests a dlscount rate or risk premium
change. This changes expected returns, and thus sets in motion expected
changes in prices. Eventually, discount rates return to their mean and
prices return te their customary multiple of dividends, which were unaffected
by the discount rate shock, Thus, by isolating discount rate changes as
shocks to prices with no change in dividends, the multivariate system is able
to document time variatlion in expected returns that is missed by regressions

of returns on lagged returns.

2. Measuring the persistence of GNP in postwar US data.

Table 1 presents a vector autoregression of log GNP and nondurable +
services consumption growth on lagged log GNP and consumption growth and the
lagged 1log consumption/GhT ratio. It also presents a unilvariate

autoregression of GNP growth on lagged GNP prowth, All the calculations thak

n



. 5o 2
follow are based on these regression ccefficients.

The VAR includes two lags of each wariahle, while the univariate
autoregression includes four lags. More lags do not change the qualitative
results, but just add wiggles ko the impulse-response and spectral density
functions. Both regressions are generous by the usual specification tests,
for example the last lag is statistically insignificant. I also experimented
with a variety of extra right hand variables, including stock returns and
term and default premia. These variables significantly forecast GNP growth,
but they do not have much effect on the leong-run impulse-response Functions.
Like more lags, extra variables basically just add wiggles to the

impulse-responses at short horizons,

Several features of the regressions in table 1 are noteworthy. The
multivariate GNP forecast is & good deal better than the univariate forecast:
the lapged consumption/GNP ratio is highly significant in the VAR GNP
forecasting equation, and the R2 of the VAR GNP equation is higher than that
of the (longer) univariate autoregression. Consumption growth is slightly

predictable in the VAR, but with a much lower Rz than GNP growth.

Fig. 1 presents impulse-response functlons of the consumption-GNP VAR,

2The VAR lmposes that GNP and consumption are cointegrated, or, equivalently
that the log consumption/GNP ratio is stationary and doas not contain a unit
raot or random walk component. Cochrane (1989) provides a critique of the
methodology in which one conducts tests for cointegration and then imposes
the results in subsequent analysis, which is why such tests are absent here.
Plots of the consumption/GNF, consumption/labor income and dividend/price
ratios show that they do not have trends, and suggest that the assumption
that these ratios are stationary is not unreasonable, (The same is not true
of all ratios, for example nondurables alone/GNP.) However, the whole point
of these ratios is that they are slowly mean-reverting, and hence can
forecast slowly mean-reverting behavior in GNP or stock prices. Hence, they
are likely to spuriously fail to reject a unit root test if one does mnot
allow for ample serial correlation.

All the left hand varlables are one period growth rates. Hodrick (1990)
argues that this gives better statistical perfarmance than aggregated left
hand variables that have been common in the mean reversion literature.

o
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calculated from the regressions in table 1, (The appendix details the
calculations.) The VAR errors are orthopgonalized with consumption first and
then income. Equivalently, the instantaneous response of GNP to a
consumption shock is forced to zero. This is also equivalent to Including

N . 3
current GHP growth in the consumptilon growth regressien, but not vice versa.

Several features of fig. 1 are noteworthy. First, the eventual response
of consumption is the same as that of GNP to each of the shocks. This
results from the assumption that the consumptjon/GNP ratio is stationary, and
hence can be included on the right hand side. If consumption and GNP ended
up with different responses to a shock, the consumption/GNP ratio would not
be stationary. Second, look at the responses of consumption and GNP teo a
consumption shock, Consumption is almest a random walk: its impulse response
funetion is almost flat. GNP has an instantaneous response of about 2/3 the
consumption change; this rises to about 1 1/2 times the consumption response
after 4 quarters, and then declines to equal the consumption change by the
time 40 quarters have passed. Fama (1990) interprets this as the respense of
investment to a wealth shock. Third, look at the response to a GNP shock.
This is a shock te GNP that does not contemporaneously affect consumption.
It has only a very small eventuazl impact on consumption, buk GNP shows a
strong mean-reverting respense to this shock.4 A shock to GNP that does not

change consumption must not have changed permanent income, and thus must be

3Unfortunately. some identification assumption is always needed on VAR
errors, since the system can always be equivalently reexpressed in terms of
new errors that are a nonsingular linear combination of old errcrs.
Blanchard and Quah (1989} explore an identificatlion methed iIn which the
long run response to one shock is forced to zero. As it turns out, the two
methods produce nearly the same result, as the income shock here has
essentlally no permanent component.

d‘The. slightly positive long run response to the GNP shock is not rebust to
changes in specification. 5light changes in variables or sample period yileld
smaller or even negative responses ta this shock. For example, L{f one uses
private GNP (GNP - government purchases of good and services, CITIBASE series
GGEAZ), the long run respense to the GNP shock is -.5! In annual data, the
positivae serial correlation ¢f consumptlon disappears, so both consumption
responses arz basically flat, and its response to a GNP shock essentlally 0
at all horizons,

4



temporary.

Fig. 2 presents univariate impulse-response functions for GI\H?.5 These
functions are estimated from the univariate autoregression of table 1 and
from the VAR. The Impulse-response function estimated from the univariate
autoregression displays a good deal of persistence: In respomse to a unit
shock, GNP climbs to about 1.6 after a year, and then declines only te about
1.4. The wunivariate impulse-response estimated from the VAR has quite
similar short run dynmamiecs, but It displays much more mean reversion at long

horizons, ending up at about half its peak value.6

Compare elither of the univariate impulse-responses in fig, 2 to the
multivariate impulse-responses in fig. 1. Clearly, whether shocks to GNP are
persistent or mnot depends cruclally en the Information set one uses to
forecast GNP growth. If one observes consumption as well as GNP, one can
foracast that & sheck te GNP which does not contemporaneously move
consumption will almost entirely disappear. If one is restricted to only

observing GNP itself, shocks induce a much larger persistent component.

Fig. 3 shows how the univariate GNP dynamics estimated frem the VAR
differ from those implied by the univariate autoregression in the frequency
domain. The long-horizon behavior of GNP 1s reflected in the spectral
density at frequencies near zere, or long periods. (The appendix details the
connection between spectral demsities at zero and impulse-response functiens
as univariate measures of persistence.) The VAR uses the information that

the spectral densities of consumption and GNP growth must be equal at

5The vertical scales of the univariate (fig. 2) and multivariate (fig. 1)
impulse-responses are not comparable., Lloosely, fig. 1 presents the responses
to one standard deviation shocks (unit shocks of the orthogonalized

representation); fig. 2 presents the responses to one percent shocks. This
fellows the conventions in the literature.
[

The wvalue of the long horizon response is sensitive to variables and
samples. For private GNP, it is less than .5. The baslc pattern in which
the VAR indicates much more mean reversion than the univariate autoregression
is not sensitive.
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frequency =zero, so that the consumption/GNF ratio Iis statlonary. This

results in the dip in the VAR estimated spectral density of GNP prowth near
; 7 5

0, which the univarlate autoregression dees not pick up. The wunivariate

autoregression and VAR 1lmply similar spectral demsities at other frequencies.

3. "Detrending"” or "cyclically adjusting” GNP

Given a single time series, there are many ways to break it into "trend"
and "cyelical" components. Different GNP forecasts will affect most such
decompesitions. I will examine one attractive decomposition, due to
Beveridge and Nelson (1981). This decomposition defines the stochastic trend
in GNP as the level GNP will be after all transitory dynamics work themselves
out. Equivalently, the trend in GNP is GNP plus all expected future changes
in GHP.

Precisely, Beveridge and Nelson decompose GNP Ye into a stochastic trend

z. and a e¢yclical component s

-Z * 5 .,
yt t t

The trend 1s defined as
z_ = lim E_(y - kEay).
t s t itk

or, equivalently,

z, =¥, +,Et(Ayt+1-EAy) + Et(Ayt+2-EAy) + ... (3.1)

where EAy is the unconditional mean growth rate of Y- If GNP is expected to
grow a lot in the future, GNP is below trend; if it is expected to decline,
GNP 1s above trend. (The appendix relates thls trend to the impulse response.
function and spectral density of GNP growth at frequency 0, and gives

formulas for implementing {3.1) from a VAR.)

?Watsnn (195%0) found a similar dip in the spectral density of output
estimated from a cointegrated VAR and also the spectral density implied by
the King, Pleosser, Stock and Watson (1989) model. The contrast between
Watson's results and unilvariate estimates of spectral densities implied by
the persistence literature insplred this section of this paper.




Fig. 4 presents log GHP and the Beveridge-Nelson stochastic trend,
estimated from the consumption-GNP VAR of table 1. {Precisely, the
condikional expectations Et in (3.1) are formed from GNP growth, consumption
growth and the consumption/GNP ratio, using the VAR regression of table 1.)
This stochastic trend responds te long-run movements in GNP growth during the
70's and 8C's, yet shows the traditional NBER business eyecles as transitory

variations about that trend,

If consumption were a pure vandom walk, the Beveridge-Nelson trend would
be exactly consumption plus the mean lag GNP/consumption ratio. Fig. 4 also
plots this quantity, and shows that it is almast the same as the trend. Thils
provides a nice interpretation: consumption should be proportional to
permanent income, which is a natural measure of the trend in actual income.
By using consumption, we are In essence using consumer's forecasts of income
growth to measure the trend, The Beveridge-Nelson trend differs slightly
from consumption plus the mean ratio, as consumption data departs slightly
from the predictions of the permanent income hypothesis. Consumption growth
is slightly predictable, and the trend calculations expleit this
predictability te define the trend as the level consumption will atrain in

the future (plus the mean ratio) rather than its value today,

Flg. 5 contrasts univariate and multivariate Beveridge-Nelson trends.
The "VAR trend” is the multivariate trend from fig. 4. For the "VAR
estimated" univariate trend, E, is formed from current and lagged GNP growth,
using the univariate impulse-response function implied by tha VAR. In the
other univariate trend, Et is formed from GNP growth, using the parameters of
the univariate autoregression. Since the VAR estimated univariate
impulse-responsa displays more mean-reverslion than the directly estimated
univariate impulse-response, the two trends are different. Even {f one
insists on using past GNP only to form a detrended GNP, the wunivariate
impulse-response estimated from the VAR shows the recessions of the 80's to
be transitory, while the directly estimated univariate impulse-response views

thesa movements in GNP as permanent.
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4. "Excess smoothness™ and the permanent Income hypothesis

1f labor income e, follows a process

w
he = ¥ pow o= p(L)W
LR B t

where L 1s a possibly multidimensional white ncise process pgenerating all
information observed by consumers, then the permanent income model predicts
that the change in consumption should equal the change in the present value
of future labor income,

- a7 :
e = @ ”J.Eo'\ [E[erﬁj twt:“"r:-l""] E[er:+j P¥err Yeep ]]

where A = l_-ll:r and r is the real interest rate. Sargent (1587) shows that the

right hand side is equal to
Ac, = p(.\)wt (4.1)

where p(A) = o + plA + p2A2 + ...

If labor income follows a random walk, Aet =V, then consumption growth
should equal income growth, Ac = de =W .. A weaker implication is that the
variance of consumption growth should equal- the wvariance of income grawth.
As we have seen, income 1s mnearly a randem walk based on univariate
autorspgressioens, but consumption varies a great deal less than income. This
is the heart of "excess smoothness" of consumption. Conversely, If ome
assumes that income follows a stationary univariate process arcound a trend,
as in Flavin (1981), one finds that consumption varies by more than it should
under the PIH, which 1s the original finding of "excess sensitivity" (much

simplified).

The observations on persistence cof the last sections sugpest a
resolution of excess smoothness. Estimates of long run impulse-responses
p(1) in multivariate systems were much smaller than univarliate estimates,
Since A Z 1, this sugpests that multivariate estimates of p(A} might also be

lower than univariate estimates, so the predicted variance of consumption

11
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growth might be smallex.

To address this question, I repeated the VAR and univariate estimation
of Table 1, using laber income in place of GNP. For labor income I used
personal disposable income less dividend, interest and rent income (GITIBASE
series GYD - GPRENJ - GPDIV - GPINT), converted to 1982 dollars using the
personal disposable income deflator (GYD82/GYD). Table 2 presents the
results. As before, the lagged consumption/income ratio is significant in
the income regression but not in the consumption regression. Labor income is
closer to a univariate random walk than GHP: the univariate regression of

income growth on two lags has an Rz of 0,000 with a p-value of .99.

Figures 6, 7, and B present the impulse-response functions and spectral
densities, analogous to figures 1, 2, and 3 for GNP. These results present
an even mere dramatic case than GNP. The bivariate impulse-response function
(fig, 6) shows that income and consumption have almost the same, and
completely permanent, regpense to a consumption shock. The response of
income teo an income shock (with ne contemporaneous consumption change) 1a
almost entirely transitory. The univariate impulse-response esatimated from a
univariate autoregression (fig. 7) 1is almost completely flat, as is the
spectral density of income growth estimated from the wunivariare
autoregression (fig. 8). Based ¢n univariate information, labor income 1s
almost a perfect random walk. But the univariate impulse response (fig. 7)
and spectral densities of income (fig. 8) estimated from the VAR show a
substantial mean reversion at long lags. This occurs because, although both
income and consumption look like randem walks in univariate autoregressions,
the variance of income growth is about three times that of consumption
growth, The long run movements in the two series must be equal, or the

consumption/income ratie would not be stable over time.

To examine the excess smoothness puzzle, I estimated the wvariance of
revisions in permanent income, using the VAR forecasts of income, univariate
forecasts of iIncome, and univariate forecasts with the univariate process
implied by the VAR. The VAR for consumption and income can be rewritten in

otthogonallzed moving average representaticon {see the appendix}
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Flg. 7. Unfvariate labor fncome impulse-rasponse Funcrions. The "Univariatar

response 1s estimatad from a tegresston of lpcome growth on 4 own lags. The LS
"VAR"™ response 1s estimated fram a vocrar auteregresslon of Income and

cansumpt{on growth on twe lags amd the lagped cansumpticn/income ratlo,
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two lags and the lapgged consumption/income ratio. The "univariate" income
spectral density ls estlmated {rom o regressfon of income gkowth on four own
lags.




Ae
-+ D(L)ut ; E(vtvt) -1, E(vtut_j) =0
Ac

t
Denoting the elements of ve = [V'z ut]'. the permaznent income hypothesis

¢4.1) implias®
-} [
Act - D21(.\)vt + Dzz(}x)ut
and hence

2 2
vat(Act) - D21(A) + DZZ(A)

When consumption growth is expressed in its univariate representation,
Ae + all)e E(e?) = 1
t T # T’ ‘t '
we predict
2
var(Act) = a(Ay".

Again, a(L) can be directly estimated from an income sutoregression or

inferred from the VAR.

Table 3 presents the results. Note that income growth has about twice
the standard deviation of consumptien growth, Thus, if income is a random
walk, consumption is in fact excessively smooth. Line Z of the table
replicates this result: the income auteregression Implies that consumption
growth should have a standard deviation of 1.52%, compared to the actual
value of (.58%, However, when we estimate the parameters of the income
autaregresslon with the VAR in line 3, the predicted standard deviation of
consumption drops te 0.45%, less than the actual value. Similarly, when we
forecast income froem the VAR system itself, line 1, the predicted standard

deviation of consumption is 0.65%. In either case, the evidence for excess

B()ne can make an even stronger prodiction by noting that Act i5 the same

variable on the left and right hand side. According to the PIH, we should
c ieti { - -

See Act = v B0 the stronger predicction is DZI(.\) 0, D22(A) 1 (See

Hansen, Roberds and Sargent (1989).)



sensitivity vanishes when we use multivariate information to forecast labor

s 9
income.

These calculations are intended to illustrate the importance of
multivariate rather than univariate forecasts of income, and the forecast
power of the lagpged consumption/income ratio in particular, using the rules
of the game of recent permanent inceme studies. They are not intended as a
tesolution of all the many puzzles confronting empirical implementations of
the permanent Income hypothesis. In particular, I intentionally do not

address the following issues:

1) Nom-testahility. Hansen, Roberds and Sargent (1990) show that the
present value part of the permanent income model is not testahls. {(The Euler
equation prediction that consumption growth should net be ferecastable 1s, of
course, testable.) If consumers really do only see past income in making
consumption decisions, er any other set of variables observed by
economatricians, then the model prediets an easily rejected stochastic
singularity: equation (4.1) helds with no error. If consumers have access to
variables not observed by the econometrician, and If there 1s a single
nondurable consumption good, Hansen, Roberds and Sargent show that there is
one testable restriction, namely that the present wvalue of the change in
forecasts of future income following a $1 consumption change should be $1.
(This is a restriction on a regression of income on lagged consumption only.)
Restrictions on other aspects of a VAR income forecast are net robust to the
possibility that agents posses superior information. Furthermore, they show
that if nondurables are only one comporent of consumption, even that one

restriction is not testable.

9T‘nis explanation is related to Quah's (1990). Quah examined decompositions
of a persistent univariate income process into components not observed by
econometricians, but that agents could be imagined to observe, that would
explain the relative wvariances of consumption and labor income. Here,
consumers Aare assumed to only see the income process, and the puzzle is
resolved by noting that VAR estimates of that process predict about the
observed standard deviation of consumption.

14



2) Non-cointegration of consumption and labor income. The PIE model
predicts that consumption and lahor income should not be cointegrated, and
hence that the consumption/laber Inceme ratio contains a random walk.
(consumption should be cointegrated with capital income}. Yet the VAR
imposes that labor income and consumption are colntegrated. The data suggest
the same: the consumptien/laber income ratio is stable over time, as the

labor and capital shares of income are stable over time.

The predictien that consumption and labor income are mot cointegrated
comes from the linear technology adopted by the PIH. No matter how much
capital consumers accumulate, this has ne effect on their labor income. In
growth models with nonlinear production functions, accumulating a large
amount of capital raises wage rates and hemce links the level of consumption
(wealth) and labor income. This observation suggests that the instability of
the consumption/labor income ratie is not a sericus prediction of the PIH,
which is meant az a local approximation. (Howaver, human capital may be
linearly accumulated, and the unskilled lshor income/consumption ratic may
not be stable over time. The non-ceintegration prediction may apply better

to this nonstandard interpretation of the variahles,)

3) Specification lissues. The model is in nonseasonally adjusted
per-capita levels. I followed Campbell and Mankiw (1%8%) in applying it to
seasonally adjusted logs. The specification above deoas mot allow for time
aggregation, nonseparable or nonquadratic preferences, durabilizy in goods,
and ignores growth. This "resolution" alse ignores the fact that cemsumption

growth 1s forecastable,

4) Who cares? The PIHN is tested as a complete general equilibrium
medel. It is no longer a “"consumption function"--a small part of a larger
model. Since the state of the art in empirically oriented stochastic general
equilibrium models has advanced beyond quadratic wutility and linear
cechnology, why bother testing the PTIH? (Cochrane (1990} makes this peint in
datail.)

15
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5. Mean reversien In stock returns

Table 4 presents a VAR of dividends and prices (cumulated returns), and
a regression of returns on lagged returns, The data are from the CRSP
value-weighted NYSE portfolio. They are annual to avoid the seasonal in
dividends. More lags and other right hand variables (term premium, default
premium, interest rate) add more wiggles to the short-run impulse-respense
functions, but again de not alter the pattern of the leong-run
impulse-response functions. The table and subseguent figures use the entire
CRSP sample, from 1927 to 1988. Results using postwar data are quite

similar.

The results in table 4 are similar to the previous results for GNP and
consumption. The lagged dividend/price ratio significantly forecasts
returns, but not dividend growth, Dividends look a lot like a random walk,
as do returns when regressed only on lagged returns. {In postwar data, the
dividend/price ratio forecasts beth returns and dividend growth maore
strongly, The t statisties rise from 2.1 to 4.00, and 0.78 to 2.71

respectively, However, the impulse-response functions are quite similar.)

Fig. 9 and fig. 10 present multivariate and univariate impulse-response
functions, Note the similarity of the multivariate impulse-response (fig. 9)
to the consumption-GNP impulse-response in fig. 1. 1In response to a dividend
shock, prices and dividends move immediately to their long run walues,
However, a price shock with no movement in dividends is completely

transitory,

As I mentioned in the introduction, these results suggest a natural
interpretation. A shock to dividends can oceur with ne effect on discount
rates, and lhence no effect on expected returns. Since the shock to dividends
seems to have a permanent effect on dividends, it should and does have a
permanent effact on prieces. A pure shock to discount rates should affect
prices and not earnings or dividends, as the price shock does in the VAR. A
shock to discount rates changes expected returns, and thus induces future

temporary wvariation in prices. As discount rates revert to their mean,
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Fig. 5. Impulse-response funcrion for dividend-price VAR. Responses of Tlog
dividends and log prices (cumulated returns} Erom the value welghted NYSE to
ona standard deviaclon dividend and price shocks., The VAR Includes the lagged
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Flg. 10. Unfvarlate stock price impulse-rasponte functlon. The "Univarlata®
response ls estlmated from a regresslon of veturns on 4 lagged raturns. Tha
"VAR" response ls estimsted from a vector autormgrassion of rerurns and
dividend growth en 2 lags and the lagged dlvidend/prlce rarlao.
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prices revert to their normal multiple of (unchanged) dividends.

Fig. 10 presents univariate impulse-response functions for stock prices.
One 1s directly estimated from the regression of returns on past returns,
while the other is implied from the VAR. In contrast to the GNP regressions,
these look the same. Thus, both the VAR and univariate estimate show little
evidence for univariate mean reversion; evidence for mean reversion in prices
(or predictability in returns) comes when you isolate a discount rate shock,

as a price shock with no movement in dividends.

6. Concluding Remarks

Lagged growth rates of GNP, labor income and stock prices have little
forecast power for future pgrowth rates, and imply little mean-reversion in
those wvariables. Yet multiple regressions using the consumption/GNF,
consumption/labor income and dividend/price ratio imply auch larger mean
reversion in GNP, labor income and stock prices. Since these ratios are
stable, consumption and dividends provide information about the “"trend" to

which GNP, labor income and stock prices must return.

In part, the ratios indicate mean reverslon because they produce higher
R2 in forecasting regressions. But much more importantly, one can define
multiple shocks with multiple forecasting variables. Thus, the respense of
GNP to a GNP shock that holds consumption constant is almost entirely
transitory, as the permanent income hypothesis suggests; stock prices have a
large transitory response to a shock to prices that holds dividends constant,
as a change in discount rates suggests. Cn the other hand, shocks teo
consumption and dividends induce permanent changes in GNP, labor income and
prices. Since univariate shocks are a combination of the two multivariate

shocks, they mask the underlyinpg mean reversion.
These abservations help to document the existence of temporary

components in GNP and stock prices, they help to define useful stochastic

trends, and they indicate a resclution of the "excess smoothness" puzzle of

17




consumption.

I cenclude that if onme is pgoing to say that a variable is nearly a
randem walk, or that it displays some mean-reversinﬁ, it is crucially
important to say what information set one has in mind. Tt is quite possible
to find that a wvariable is nearly a random walk with respect to one
information set (iks own lags) but has large temporary variation with respect
to another. BStable ratios (consumption/GNP, dividend/price) with near-random
walks are some of the most important other warlables to consider for the

issue of lomg-tun mean reversion,
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Table 1.

£ Consumption and GNP Regressions

L 1. Vector autoregression

Right hand variable

Left hand 2
variable const. Ye.1 %1 Act_l Act_z Ayt_l Ayt_2 R p-val
OLS coefficients

Act -0,43 -0.02 0.07 -0.02 0.09 -0.02 Q.06 .007
Ayt 5.19 0.08 0.52 0.14 0.22 0.14 0.27 . 000
t ratilos
Act -0.49 -1.23 0,90 -0.19 1.91 -0.40
Ayt 3.49 31.45 3.81 1.12 2.74 1.89
2. Univariate autoregression.
Right hand variable
Left hand 2
variable const, Ayt-l Ayt_z ayc_3 Ayt-& R p-val
QLS Coefficients
Ayt G.56 0.33 0.19 -0.11 -0.11 . 0.18 0.000
t ratios
Ayt 4.82 417 2,39 -1,37 -1.26

Ve is log real GNE. . is leg of nondurable + services consumption. &

denotes first differences, By = ¥, Data are quarterly, 1%947:1-

Yeare
1989:3. "p-val" gives the probability value of an F-test for the joint

. significance of the right hand variables,




Table Z.

Consumption and Labor Income Regressions

1. Vector autcregression

Right hand wvariable

Left hand

2
variable const, e, q-c. Act—l Act_z Aet-l AE!:—2 R p-val
CLS coefficients

Act 0.702 0.010 0.031 -0.049 0.098 0.7l 0.07 0,003
Aet 0.930 0.087 0.574 -0.162 -0,054 0.005 0.11 0.000
E ratiog
L 5.88 057 0.37 -0.59 2,39 1.83
Aet 31.78 2.48 3.31 -0.95 -0.64 0.08
2., Univariate autoregression.
Right hand variable
Left hand 2
variable canst. Aet_l Aebz R p-val
0LS Coefficients
Aet Q.77 0.002 0,013 0.00 0.99
L ratios
Aet 6.07 0.03 0.17

e is log labor income, where labor income = personal disposable income
less dividend, interest and rent income (CITIBASE series GYD - GPRENJ - GPDIV
- GPINT), converted to 1982 dollars using the personal disposable income
deflater (GYDB2/GYD). €L is log of nondurable + services consumption, in
percent units. The sample is 1947:1-1989:3, p-val gives the probability

value of an F-test for the jeoint significance of the right hand variables.
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Table 3.
Standard deviation of consumption growth and predictions from the permanent

income model.

Std, dev., of consumption growth Ac 0.58 %
Std, dev, of laber income growth se 1.23 &
Estimation Income forecast Predicted s.d, Ac
1. VAR VAR 0.65 %
2. Univariate Univariate 1.52 %
3. VAR Univariate 0.45 %

If labor income e, has a moving average representation
= ' -
Aet a(L)wt, E(wtwt) I,
then the PIH predicts the variance of consumption growth should be
va:(nct) = af{x)alry" A= L/(L4x) .
In line 1, a(L) is the income row of the moving average representation of a

VAR in which Aet and Act are rtegressed on two own lags and c the

_e ,
lagged consumption/income ratio. In line 2, a{l) is the m:vi].-ngta];rerege
representation of a univariate autoregression Iin which de is regressed on
two own lags. In line 3, the patrameters of the univariate autoregression are
inferred from the VAR. The results are the same to two decimal places for
interest rates r between 1% and 10% per year. Income 1s log personal
disposable income less dividend, interest and rent income (CITIBASE series
GYD - GPRENJ - GPDIV - GPINT), converted to 1982 dollars using the personal
disposable income deflater (GYD82/GYD). Consumption Is log consumption of
nondurables and services (CITIBASE series GCN82 + GCS82). The sample is
1947:1-1989;3.
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Table 4.
Dividend and Price Regressions

1. Vectoxr autoregression

Right hand variable

Left hand 2
variable const. pt-lidt-l Adt_l Adcvz Apt—l Apt-2 R p-val
OLS coefficients

Adt 20,01 0.038 0.046 0.062 -0.082 0.040 0.038 0,320
Apt 78._65 0,225 0.060 -0.08¢6 0.114 -0.090 0.140 0.012
t ratios
Adt 0.78 0.47 0,25 0.34 -0.65 0.32
ﬂpt 2.34 2,11 0.25 -0.36 0.68 -0.55
2. Uniwvariate autoregression.
Right hand variable
Left hand )
variable const. Apt-l Apt-z Apc_3 ﬂpt-a R p-val
OLS Cocfficients
Apt 11.91 0.075 -0.179 0.01% -0.18 el a9y
L ratios
Apt 3.46 0.57 -1.37 0,12 -1.37

P 1ls the log price (cumulated return) on the CRSP value- weighted NYSE
portfolio. Thus, Ap is the log return. dz is the corresponding log dividend
(monthly dividends brought forward to the end of the year at the markec
return). Data are annual, 1927- 1988. "p-val" gives the probability wvalue of

an F-test for the joint significance of the right hand variables.
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Appendix
1. Characterizing persistence

Start from a Wold moving average representation for first differences
(log growth rates) Ayt, which may be inferred from a regression of Ayt on its
past values.

@

Ayt-p+ Eaje

1o . € = Ayt - Prnj(ﬁytldyt_l. Ayt_z....)

t-j
or, in lag operator netation,

Ayt -+ a{L)et.

The a, give the response of the growth rate at t+] to a unit shock at t.

Similarly, 2_];-05_1 gives the response of the level of Yeak to a unit shock at
t. The limiting value of the response of Yeup 2 unit 1lmpulse as k

increases is ). a, = a(l).
2:=0 j e

The series ¥ may also be decomposed into a random walk and a purely
statlonary component. It turns out that no matter how one does this, the
innovation varlance of the random walk component is the same, and equal to
the spectral density at frequency 0 of Ayt. Both quantities are related to

the univariate impulse response function by
var(adrandoem walk component) = SA}‘(U) = a(l)zoi

In particular, the Beveridge-Nelson trend defined below is a random walk with

thie innovation variance. (See Cochrane (1988) for a derivation.)

Thus one may ecquivalently characterize the persistence of univariate
shocks to Ye by the behavior of the univariate impulse-response function at
high lags, the innovation variance of a random walk component, ot the
spectral density of pgrowth rates at frequency 0. If Y. fellows a random
walk, the impulse-response function 1s one at all hoerizens and the spactral
densicy at zero is equal to its value at other frequencies. Processes mote

persistent thar a random walk feature impulse-response functions that rise
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past one, and a spectral density at zerc larger than elsewhere.
Mean-reverting processes have impulse response functions that £all, as Ye
reverts following a shock, and spectral densitles at =zeros lower than
elsewhere. In the limit that the level Ve is stationmaty, the
impulse-response function falls all the way back te zero, and the spectral

density of Ayt is zero at [requency zero.

The above generalizes naturally to multivariate systems, For example,

when one variable Act 1s added, we write the joint Wold representation as

ax_ = p o+ C{LYE,

vhere
&y, CH
ax_ = ) Et =l e~ Axt - PrnJ(Axt]Axt_l, Axt_z,...)
Act Et

and A(L) is a matrix of lag polynomials,

k -
Now E&—O Cj gives the respomse of Yern (and ¢ ) to unlt shocks at t,

t+k
and E;-O Cj = €(1) measures the limiting wvalue of this impulse-response
function. Including ¥ o€, on the right hand side of the VAR Imposes that
C(l) is singular, i.e. that the limiting responses of Y and oL to each sheck

is the same.

2. VAR estimation and transformatioms.

I started by estimating a colntegrated VAR in error-correction form,
- g7 7 yc Y _ ¥
Ayt ﬁo * ﬂl Ayt-l ot ﬂl Act-l LR (yt-l cc-l> * Et
- c C}' cC c _ c
Bep = fg + ByTAy v e R BrAe b BTy e ) B
Table 1 presents estimates of this VAR for consumption and GNP. 1In veector
notation, the VAR may be written
A(L)Axt - ED + ya LY + Et E(Etfé) =z {A.1)

whera
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&

Ay 57 8 1
£ t
hx, =~ , €= . , =
Act 5t

and A(L) is a matrix of lapg polynomials.
B. Impulse-Response function

First, I orthogonalized the error terms by Choleski decomposing the
variance covariance matrix of the Innovations, in the order consumption,
income, other variables. This is equivalent to including current consumption
growth in the income regression, so all contemporaneous correlation between
the consumption and income errors in the Wold representation 1s assigned teo

the consumption shock. Precisely, I found a triangular matrix R such that
BRR' = E({ ¢') = E.

Then we can define new errors

1 1,

1 , 1, -
v R Et E(Vtvt) R "RR'R I

Rewriting the VAR (A.l) in terms of these new errors,
- ’ ' -
A(L)Axt 30 + ya xt_1+ th E(vtut) 1

To find the implied Wold moving average or VAR impulse-response

-funetion, I simulated the response of the VAR ko the v_ shocks without the

t
constants and starting from initial conditions
yt’j -0, ct-j -0, Ayt-j = 0, Act-j =0
This leads to the representation
=u+
Axt u D(L)ut. {a.2)

The elements of D(L) are the impulse-response functions pletted in Fig.s 1, 6
and 9,

C. Spectral density

T constructed spectral densities of GNP and consumption growth from
(4.2) by
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-iw -ilw i, ,
Smc(e )= D{e "D, (4.3}

D, Implied univariate impulse respense

To find the univariate ilmpulse response functicen for GNP implied by the
VAR, 1 factored the spectral density of Ayt. Precisely, the first row of
(4.3) is

-1 -1
Spgl2) = Dy (@D (27D + By (@)D, ()

To find the Wold representation of Ayt and hence its univariate impulse
response, one must find a polynomial a(z) whose roots are all on or outside
the unit eirele, and such that

a(z)a(z'l) - Ducz)nu(z'l) + Dlzcz)nlzcz'l).

To do this, I found the reoots of the right hand side mumerically, selected
the roots outside the unit eircle, and then constructed the palynomial a{z)
with those roots. This polynomial af{L) is the univariate impulse-response

funetion.
E. Beveridge-Nelson trend

Writing a one-lag VAR (without means) in companion form, we ohtain

ae, B . se 57
R e B AN EZ
Act-l - 01 ---0-- Act_z 4
&Y. 4 001 --0-- 5 o
Yoo, 8B+ [00001] Yi1°Ceq 53;-5‘;
L - B X1 + €, -
Where the p's are OLS regression coefficients. Then we can calculate the

trend from (3.1) as
Z =y +[oloo]}:ajx=[0100]B(1~B)'lx.
t t j"]- t T

I followed this procedure, generalized to the number of lags in each VAR,
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