Understanding Trend and Cycle in Asset Values:
Reevaluating the Wealth Effect on Consumption

By MARTIN LETTAU AND SYDNEY C. LUDVIGSON*

Both textbook economics and common sense
teach us that the value of household wealth
should be related to consumer spending. Early
academic work by Franco Modigliani (1971)
suggested that a dollar increase in wealth (hold-
ing fixed labor income) leads to an increase in
consumer spending of about five cents. Since
then, the so-called “wealth effect” on consump-
tion hasincreasingly crept into both mainstream
and policy discussions of the macroeconomy.!
Today, it is commonly presumed that signifi-
cant movements in wealth will be associated
with movements in consumer spending, either
contemporaneously or subsequently. Quantita-
tive estimates of roughly the magnitude re-
ported by Modigliani are routinely cited in
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1 Recent examples in which the link between wealth and
consumption was highlighted include the Federal Reserve's
conference on “New Challenges for Monetary Policy,”
Jackson Hole Wyoming, August 2628, 1999, and public
remarks by Alan Greenspan, as in his February 17, 2000
testimony before the House Committee on Banking and
Financial Services.
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leading macroeconomic textbooks,? and are im-
portant features of many contemporary macro-
economic models, including those still widely
studied by both academic economists and
practitioners.®

In this paper, we reevauate the empirica
foundation for such estimates of the consumption-
wedth link. Contrary to conventional wisdom,
we find that a surprisingly small fraction of the
variation in household net worth is related to
variation in aggregate consumer spending. A
variance-decomposition shows that the vast ma-
jority of quarterly fluctuations in asset values
are attributable to transitory innovations that
display virtually no association with consump-
tion, contemporaneously, or at any future date.
Such innovations have long-lasting effects on
wealth, however, exhibiting a haf-life of alittle
over two years.

We begin by noting that a general household
budget constraint, in which asset returns are
allowed to fluctuate in an arbitrary manner, im-
plies that log consumption, c,, log asset wealth
(net worth), a;, and log labor income, y,, share a
common trend (they are cointegrated). We find
evidence to support this hypothesisin U.S. data.

Our results can be understood intuitively by
observing that, since consumption, wealth, and
labor income are cointegrated, their annualized

2 For example, Andrew B. Abel and Benjamin S. Ber-
nanke (2001, Ch. 4) cite a four cent on the dollar figure,
while Robert J. Gordon (1993, Ch. 17) says that the
marginal propensity to consume out of wealth is between
three and six cents on the dollar. James M. Poterba
(2000) provides a nontechnical discussion of the weath
effect, and simple calculations of the amount by which a
household might increase its consumption if it received
a favorable wealth shock. His benchmark calculations
for a 30-year planning horizon imply a change in consump-
tion of between 3.8 and 7.5 cents for each $1 increase in
wealth.

S Examples of such models include the Data Resources,
Incorporated (DRI) model, the Washington University Mac-
roeconomic Model (WUMM) model, and the new Federal
Reserve (FRB/US) model.
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growth rates must be tied together in the very
long run, and therefore so must their volatilities.
Measured over short horizons, however, wealth
growth is far more volatile than both consump-
tion and labor income growth. The short-run
and long-run properties of these variables can
only be reconciled if either, (i) the volatility of
consumption and/or labor income growth in-
creases with the horizon over which they are
measured, or (ii) the volatility of wealth growth
decreases with the horizon over which it is
measured. The second possibility implies that
wealth is not a random walk, but instead dis-
plays mean-reversion and adjusts over long ho-
rizons to match the smoothness of consumption
and labor income. Our evidence suggests that
the second possibility better describes U.S. data
than the first, signaling the existence of a sig-
nificant transitory component in wealth that is
unrelated to consumer spending and labor
income.

This intuition can be formalized by employ-
ing the methodologies developed in Robert
King et a. (1991), Jesus Gonzalo and Clive
Granger (1995), and Gonzalo and Serena Ng
(2001). These studies show how innovations
distinguished by their degree of persistence can
be empirically identified in cointegrated sys-
tems. We use the insights from these papers to
empiricaly identify the permanent and transi-
tory elements—the “trend” and “cycle’—of
household net worth, and investigate how these
elements are related to consumer spending.
(The terms “permanent” and “transitory” are
defined precisely below.) Restrictive assump-
tions about preferences or the behavior of asset
returns are unnecessary, and the findings gener-
ated are applicable to a wide variety of theoret-
ical structures. The approach alows us to
identify a large fraction of variation in wealth
that is ultimately unsustained and unrelated to
aggregate consumption, without having to ex-
plicitly identify the independent causal effect of
wealth on consumption.

This paper reports two main results. First, we
find that up to 88 percent of the postwar varia-
tion in household net worth is generated by
transitory innovations, primarily associated
with fluctuations in the stock market component
of wealth. Second, although transitory shocks
dominate postwar variation in wealth, variation
in aggregate consumption is dominated by per-
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manent shocks. It follows that the majority of
innovations in household net worth are found to
be unrelated to aggregate consumer spending,
both contemporaneously and at any future ho-
rizon. This does not mean that wealth has no
effect on consumer spending, but rather that
only permanent changes in wealth are associ-
ated with movements in consumption.

Y et the transitory changes in wealth we iden-
tify not only account for most of the variationin
asset values, they are also quantitatively large,
and in some episodes staggeringly so. For ex-
ample, during the stock market boom of the
1990's, our estimates imply that wealth ex-
ceeded its long-run trend by as much as $17,000
per person in 1996 dollars, a magnitude equal to
50 percent of real per capita GDP in 2002.

An implication of these findings is that con-
ventional estimates of the wealth effect greatly
overstate the response of consumption to a
change in wealth. This is because conventional
estimates, like those cited above, are commonly
based on parameters of the shared trend in con-
sumption, labor income, and wealth. If most
changes in wealth are not trend movements but
are instead transitory movements unrelated to
consumption, as we find here, such estimates
will significantly exaggerate the true correlation
between consumption and wealth.

Perhaps the more relevant finding of this pa-
per is not the observation that conventional es-
timates overstate the wealth effect, but rather
that consumption responds differently to tem-
porary changes in wealth than to permanent
changes. It follows that no single number, or
“marginal propensity” (asit is often referred to
in textbooks and popular commentary), can ac-
curately summarize the response of consump-
tion to wealth. Although a permanent $1 change
in wealth may be associated with a four to five
cent change in consumption, the results pre-
sented here imply that most movements in
wealth are transitory and unrelated to consumer
spending.

The transitory component of wealth we un-
cover is not a feature of daily, weekly, or even
monthly volatility, but is instead quite persis-
tent, displaying long-term “bull markets” in the
late 1960's and 1990's, and a long-term “bear
market” in the 1970’ s. In each of these episodes,
a significant movement in stock prices caused
weadlth to deviate from its long-run trend with
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consumption and labor income, and was ulti-
mately restored to that trend—not by a subse-
guent movement in consumption or labor
earnings—but by a subsequent reversal in
wealth. The extraordinary stock market boom of
the 1990's differs from other episodes only in
that it was the most dramatic example of this
historical pattern. We note that most macroeco-
nomic models, including the large-scale models
mentioned above, make no alowance for im-
portant transitory fluctuations in wealth that are
orthogonal to consumption, and are therefore
likely to misstate both the timing and magnitude
of the consumption-wealth correlation.

The results presented here have implications
for financial economics as well as macroeco-
nomics. A large and growing body of empirical
literature in financial economics finds that ag-
gregate stock market returns are forecastable
over long horizons, implying the existence of
transitory variation in wealth of the sort that we
uncover here. Such predictability evidence does
not reveal how quantitatively important that
transitory component is, however.* A contribu-
tion of this paper is to quantify the relative
importance of transitory shocks in the variation
of household net worth, and document how
closely related are such shocks to aggregate
consumer spending.

A number of other papers explore issues re-
lated to those considered here. King et a.
(1991), Cochrane (1994), Jordi Gali (1999), and
Neville Francis and Vaery A. Ramey (2001)
invoke restrictions implied by cointegration to
identify specific innovations in arange of struc-
tural models. Cochrane (1994) studies two bi-
variate, cointegrated systems to characterize the
permanent and transitory components in GNP
and stock prices. Ludvigson and Charles Stein-

4 See John H. Cochrane (2001, Ch. 20) for a compre-
hensive review of the predictability evidence, and for dis-
cussion on the connection between predictability and
transitory variation in asset values. Recent theoretical re-
search in financial economics has shown that it is possible to
construct models with rational, utility-maximizing investors
in which the equilibrium return on risky assets varies over
time in a way consistent with the presence of a transitory
component in asset values (e.g., George M. Constantinides
and Darrell Duffie, 1996; John Y. Campbell and Cochrane,
1999). An open question concerns the extent to which such
models are capable of capturing the magnitude of the tran-
sitory component documented here.
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del (1999) estimate the cointegrating relation
between consumption, asset wealth, and labor
earnings, but do not investigate further implica-
tions of this system. Lettau and Ludvigson
(2001) show that the cointegrating residual for
this system is informative about the future path
returns on aggregate stock market indexes in
excess of a Treasury bill rate, but not about
future consumption growth.> However, Lettau
and Ludvigson (2001) do not formally identify
the permanent and transitory elements of asset
wealth, document their relative quantitative im-
portance, or highlight the consumption implica-
tions of those findings—the focus of this paper.
In Section | we motivate our use of the trivari-
ate cointegrating system for consumption, asset
wealth, and labor income by deriving cointegra-
tion from alinearized budget constraint. Section
Il presents the econometric framework and Sec-
tion 111 presents our main empirical results. Sec-
tion 1V addresses the issue of stability in the
cointegrating relation. Section V concludes.

I. The Common Trend in Consumption, Wealth,
and Labor Income

It is perhaps obvious that consumption, labor
income, and household wealth should move to-
gether over the long term. This section motivates
this intuition more formally by considering the
cointegration implications of a standard budget
constraint. We build off of work in Campbell
and N. Gregory Mankiw (1989); see Lettau and
Ludvigson (2001).

We consider a representative agent economy
in which all wealth, including human capital, is
tradable. Let W, be beginning of period aggre-
gate wealth (defined as the sum of human cap-
ital, H,, and nonhuman, or asset wealth, A) in
period t; R, IS the net return on aggregate
wealth. For expositional convenience, we con-
sider a simple accumulation equation for aggre-
gate wealth, written

(1) Wiy = (1 + Rw,t+1)(Wt - Ct)'

Labor income Y, does not appear explicitly in

5 More recently, similar findings have been reported for
U.K. data (Emilio Fernandez-Corugedo et d., 2002).
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this equation because of the assumption that the
market value of tradable human capital is in-
cluded in aggregate wealth.® Throughout this
paper we use lower case letters to denote log
variables, e.g., ¢, = In(C).

Definingr = log(1 + R), Campbell and Man-
kiw (1989) derive an expression for the log
consumption-aggregate wealth ratio by taking a
first-order Taylor expansion of (1), solving the
resulting difference equation for log wealth for-
ward, imposing a transversality condition and
tal7<ing expectations. The resulting expression
is”:

2 c—w=E 2 p:/\l(rw,t+i — ACy41),

i=1

where p,, = 1 — exp(c — w). The consumption-
wealth ratio embodies rational forecasts of re-
turns and consumption growth.

Although this expression is intuitively ap-
pealing, it is of little use in empirical work
because aggregate weath includes human
capital, which is not observable. Lettau and
Ludvigson (2001) address this problem by re-
formulating the bivariate cointegrating relation
between ¢, and w, as a trivariate cointegrating
relation involving three observable variables,
namely ¢, &, and labor income y,. To under-
stand this reformulation, denote the net return
to nonhuman capital R, ; and the net return to
human capital Ry, and assume that human
capital takes the form, H, = E, 2, Il}_,
(1 + Rngsi) "Yiaj- A loglinear approxima-
tion of H, yields h, = « + y; + v, where
K iS a constant, v, iS a mean-zero, station-
ary random variable given by v, = E
2jOC:l Pjh(Aytﬂ ~ Theyj) and pp = /(1 +
exp(y — h)). Assume that p,, = p,. (The equa
tions below can easily be extended to relax this
assumption but nothing substantive is gained by
doing s0.) Thenthe expressionh, = k + v, + w,

% None of the derivations below are dependent on this
assumption. In particular, equation (3), below, can be
derived from the analogous budget constraint in which
human capital is nontradesble: A, = (1 +
Rar+)(Ac+ Yy — C), where H, = B 270 Il (1 +

a,t+i o t+j-

“We omit unimportant linearization constants in the
equations throughout the paper.
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along with an approximation for log aggregate
wealth as a function of its component elements,
w, ~ (1 — v)a, + vh, [where (1 — v) isthe
steady state share A/W] furnish an approximate
expression using only observable variables on
the left-hand side:

(3) Ct — ¢ — oY, =

Ec 2 pu((L— Wrasi — ACi; + vAY . 140).

i=1

Several points about equation (3) deserve em-
phasis. First, if labor income follows a random
walk and the expected return to human capital is
either constant or proportional to the expected
return to nonhuman wealth, ¢, — a3 — ay; is
proportional to the log consumption-wedlth ratio,
C; — W,. For this reason we loosely refer to ¢, —
a3 — ayy; asaproxy for the log consumption-
wealth ratio. Second, under the maintained hy-
pothesisthat r,,;, Ac,, and Ay, are stationary, (3)
implies that ¢, &, and y, are cointegrated and
C — a3 — ayy;isacointegrating residua. The
parameters a, and «,, should in principle equal
the shares (1 — v) and v, respectively, but in
practice may sum to a number less than one
because only a fraction of total consumption
based on nondurables and services expenditure
is observable (Lettau and Ludvigson, 2001).
Third, if the cointegrating residual on the |eft-
hand side of (3) is not constant, it must forecast
either changes in log asset wealth (returns),
changes in log labor income, changes in log
consumption growth, or some combination of
the three. Lettau and Ludvigson (2001) find that
it is a strong predictor of excess returns on
aggregate stock market indexes, a component of
r ., but not of consumption growth. In this paper
we document that it is also not a predictor of
[abor income growth.

Notice that the framework above implies an
additional restriction, namely that the log
consumption-wealth ratio, (2), and therefore the
cointegrating residual ¢, — a,a — ayy; in (3),
should be covariance stationary, and not merely
stationary around a deterministic trend. If this
were not the case, the deterministic trend would
imply that either consumption or aggregate
wealth must eventually become an infinitesimal
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fraction of the other, violating the budget con-
straint identity. It follows that the cointegrating
parameters which eliminate the common trends
in ¢, &, and y, should eliminate both the sto-
chastic and deterministic trends, corresponding
to the concept of deterministic cointegration
emphasized by Masao Ogaki and Joon Y. Park
(1997).

By combining the approximate budget con-
straint relation (3) with models of consumer
preferences, one may obtain approximate con-
sumption functions. For example, egquation (3)
provides a loglinear generalization of Camp-
bell’s (1987) “rainy-day” equation when com-
bined with the specific formulation of
preferences explored in Marjorie Flavin (1981),
Campbell and Angus Deaton (1989), and Gali
(1990). In that model, both expected asset returns
and expected consumption growth are constant, so
the right-hand side of (3) is a function only of
expected future labor income changes.

Importantly, however, the empirica ap-
proach described next does not require impos-
ing such additiona structure. The empirical
results we obtain exploit only cointegration, a
phenomenon that can be motivated by the logic
of a simple budget constraint identity, applica-
ble to a wide variety of theoretical structures.

I1. Econometric Framework

The contribution of this paper is the use of
cointegration to identify permanent and transi-
tory components of consumption, wealth, and
labor earnings. To explain our approach, this
section describes how we isolate the permanent
and transitory shocks of a generic cointegrated
vector of variables, x;, that has n elements. In
our application, X; = (¢, a, Yy)'. In the discus-
sion below, we refer the reader to the papers
cited for a detailed description of the permanent-
transitory decomposition, and only briefly sum-
marize the methodology here.

A. Data and Preliminary Analysis

Appendix A contains a detailed description
of the data used in this study. The log of asset
wedlth, a, is a measure of real, per capita
household net worth, which includes al finan-
cial wealth, housing wealth, and consumer du-
rables. Durable goods are properly accounted

MARCH 2004

for as part of nonhuman wealth, A,, a compo-
nent of aggregate wealth, W;, and so should not
be accounted for as part of consumption or
treated purely as an expenditure® The budget
constraint (1) therefore applies to the flow of
consumption, C,; durables expenditures are ex-
cluded in this definition because they represent
replacements and additions to a capital stock
(investment), rather than a service flow from the
existing stock. The total flow of consumption is
unobservable because we lack observations on
the service flow from much of the durables
stock. We therefore follow Alan S. Blinder and
Deaton (1985) and Campbell (1987) and use the
log of real, per capita, expenditures on nondu-
rables and services (excluding shoes and cloth-
ing), as a measure of c.° An internally
consistent cointegrating relation may then be
obtained if we assume that the log of (unobserv-
able) real total flow consumption is cointegrated
with the log of real nondurables and services
expenditures. The log of after-tax labor income,
V., IS aso measured in real, per capita terms.
Our data are quarterly and span the fourth quar-
ter of 1951 to the first quarter of 2003.

Wealth is measured at the end of the period.
A timing convention for wealth is needed be-
cause the level of consumption is aflow during
the quarter rather than a point-in-time estimate
as is wedth (consumption data are time-
averaged). If we think of a given quarter’s con-
sumption data as measuring spending at the
beginning of the quarter, then wealth for the
quarter should be measured at the beginning of
the period. If we think of the consumption data
as measuring spending at the end of the quarter,
then wealth for the quarter should be measured
at the end of the period. None of our main
findings discussed below (estimates of the
cointegrating parameters, error-correction spec-
ification, or permanent-transitory decomposi-
tion) are sensitive to this timing convention.

8 Treating durables purchases purely as an expenditure
(by, e.g., removing them from A, and including them in C))
isimproper because it ignores the evolution of the asset over
time, which must be accounted for by multiplying the stock
by a gross return. (In the case of many durable goods this
gross return would be less than one and consist primarily of
depreciation.)

° This measure of consumption typically comprises over
85 percent of total personal consumption expenditures.
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Given our finding that most of the variation in
wealth is not associated with consumption, this
timing convention is conservative in that the use
of end-of-period wealth produces a higher con-
temporaneous correlation between consumption
growth and wealth growth. The contemporane-
ous correlation between quarterly growth in
household net worth, Aa,, and the real return on
the Center for Research on Security Prices
(CRSP) value-weighted stock market index is
0.87 in our sample. This shows that quarterly
fluctuations in household net worth are domi-
nated by movements in stock market returns.

How can we identify the permanent and tran-
sitory components of the three variable system, x,?
Identification is possible because cointegration
places restrictions on the long-run multipliers of
the shocksin astructural model whereinnovations
are digtinguished by their degree of persistence,
(King et d., 1991; Gonzao and Granger, 1995).
The procedure has severd steps. The first is to
estimate a vector-error-correction model (VECM)
for the cointegrated system. The estimated VECM
parameters may then be used to back out the
long-run restrictions.

To obtain a correctly specified error-correction
model, we begin by testing for both the pres-
ence and number of cointegrating relationsin x;.
These results are contained in Appendix B. We
assume all of the variables contained in x; are
first-order integrated, or I(1), an assumption
confirmed by unit root test results, available
upon request. In addition, the results presented
in the Appendix B suggest the presence of a
single cointegrating vector; we impose this in
our VECM specification from now on. The
cointegrating coefficient on consumption is nor-
malized to one, and we denote the single cointe-
grating vector for X, = [c;, &, V]’ as a = (1,
—ay, —ay)’.

The cointegrating parameters «, and o, must be
estimated. We use a dynamic least-squares proce-
dure, which generates “ superconsistent” estimates
of a, and «, (James H. Stock and Mark W.
Watson, 1993).° We estimate & = (1, —0.30,
—0.60)". The Newey-West corrected t-datistics

19 We use eight leads and lags of the first differences of
Ay, and Aa, in the dynamic least-squares (DL S) regression.
Monte Carlo simulation evidence in both Ng and Pierre
Perron (1997) and our own suggested that the DL S proce-
dure can be made more precise with larger lag lengths.
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for these estimates are 12 and 27, respectively. As
discussed in Lettau and Ludvigson (2001), these
coefficients are not expected to sum to unity be-
cause total consumption is unobservable and non-
durables and services expenditure (a subset of the
total) is used as a proxy. Yet the estimates them-
selves are intuitively appealing: they imply that
the share of capital incomein total output is about
0.34, very close to values used in the red-
business-cycle literature.

Weare now in aposition to estimate the VECM
representation of X, which takes the form

(4 Ax;=v+ ya'x,_,+T'(LAX_,+ &,

where A, is the vector of log first differences,
(ACU Aa{! Ayt),! v, and 7 = (’YC! ya! ’Yy)’ are
(3 X 1) vectors, I'(L) isafinite-order distributed
lag operator, and & = (1, —a,, —a&,)" is the
(3 X 1) vector of previously estimated cointe-
grating coefficients.™ Throughout this paper,
we use “hats’ to denote the estimated values of
parameters.

The term a'x,_, gives last period’s equilib-
rium error, or cointegrating residual; vy is the
vector of “adjustment” coefficients that tells us
which variables subsequently adjust to restore
the common trend when a deviation occurs. The
Granger Representation Theorem states that, if
a vector x; is cointegrated, at least one of the
adjustment parameters, vy, v, Or vy, must be
nonzero in the error-correction representation
(4). Thusif x; does at least some of the adjusting
needed to restore the long-run equilibrium sub-
sequent to a shock that distorts this equilibrium,
v; should be different from zero in the equation
for Ax; of the error-correction representation (4).

The results of estimating a first-order speci-
fication of (4) are presented in Table 1.* The
estimates of the adjustment parametersin y are
given in the next-to-last row of Table 1 and are
the coefficients on the lagged cointegrating re-
sidual a@'x;_,. Consumption and labor income
are predictable by lagged consumption and
wealth growth, but not by the cointegrating

11 Standard errors do not need to be adjusted to account for
the use of the generated regressor, a'X; in (4) because estimates
of the cointegrating parameters converge to their true values at
rate T, rather than at the usual rate /T (Stock, 1987).

2 This first-order lag length was chosen in accordance
with the Akaike and Schwarz criteria
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TABLE 1—ESTIMATES FROM A COINTEGRATED VAR

Equation
Dependent variable Ac, Ag Ay,
Ac,_, 0.203 0.063 0.499
(2.659) (0.184) (3.197)
Aa,_, 0.043 0.099 0.090
(2.696) (1.375) (2.783)
Ay, 4 0.067 —0.041 -0.123
(1.674)  (—0.226) (—1.500)
&%, —0.036 0.387 0.008
(—1.380)  (3.236) (0.159)
R? 0.157 0.042 0.086

Notes: The table reports the estimated coefficients from
cointegrated vector autoregressions of the column variable
ontherow variable; t-statistics are in parentheses. Estimated
coefficients that are significant at the 5-percent level are
highlighted in bold face. Theterm ¢, — & — &y, = @',
is the estimated cointegrating residual. The sample spans
the fourth quarter of 1951 to the first quarter of 2003.

residua a'x;_;. Thus, estimates of vy, and v,
are economically small and insignificantly dif-
ferent from zero. By contrast, the cointegrating
error is an economically large and statistically
significant determinant of next quarter’s wealth
growth: v, is estimated to be about 0.36, with a
t-statistic above 3. Although there is some
short-run predictability in the growth of con-
sumption and labor income (as exhibited by the
dependence of these variables on lagged growth
rates), it is wealth growth that exhibits error-
correction behavior and therefore predictability
over long horizons. Wealth is mean reverting
and adapts over long horizons to match the
smoothnessin consumption and labor income.*®
These findings were highlighted in Lettau and
Ludvigson (2001); we now extend these results
to quantify the permanent and transitory com-
ponents in wealth and consumption.

B. Permanent and Transitory Shocks

Cointegration may be used to decompose X,
into innovations that are distinguished by

13 We also find that the four-quarter lagged value of the
cointegrating error strongly predicts asset growth. This
shows that the forecasting power of the cointegrating resid-
ual for future asset growth cannot be attributable to inter-
polation procedures used to convert annual survey datato a
quarterly housing service flow estimate, part of the services
component of c,.
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their degree of persistence. Because X; has
three elements and a single cointegrating vec-
tor, there are two permanent shocks, or com-
mon trends, and one transitory shock (Stock
and Watson, 1988). Following King et al.
(1991), Gonzalo and Granger (1995), and
Gonzalo and Ng (2001), identification is
achieved in two steps. First, cointegration
restricts the matrix of long-run multipliers
of shocks in the system, which identifies the
permanent components. The transitory com-
ponent is identified as the residual. Second,
in order to study the dynamic impact of
the transitory innovation, it is assumed to
be orthogonal to the two permanent innova-
tions. This second assumption is not neces-
sary to obtain our main results, and is made
only to interpret impulse response func-
tions. Our main conclusions can be obtained
from a variance-covariance decomposition,
which requires no such orthogonalization
assumption.

A summary of this methodology is as fol-
lows. Under the maintained hypothesis that the
growth rates of the variablesin x,_ , are covari-
ance stationary, a multivariate Wold represen-
tation exists taking the form

Ax,= & + C(L)g,

where g, isan n X 1 vector of innovations, and
where C(L) is a distributed lag operator. We
seek to identify n = 3 transformed, or structural-
form, innovations distinguished by whether
they have permanent or transitory effects. De-
note these transformed innovations n, = (1,
Mot Ma) » Where two are permanent and one is
transitory. Without loss of generality, shocks
are ordered so that the first two have permanent
effects, the third transitory effects. Following
Gonzalo and Granger (1995), define a shock, 1,
as permanent if limy,_..0E (X, p)/dme # 0, and a
shock, ny, as trangitory if limy_ 0B (X, )/
I = 0.

The permanent and transitory innovations may
be identified using the estimated parameters 4 and
a from the error-correction representation. Write
the reduced-form Wold representation of this sys-
tem as above, Ax, = & + C(L)e. By the Granger
Representation Theorem, the parameters «c and 1,
both of rank r, satisfy «'C(1) = 0and C(1)y =0
(Robert F. Engle and Clive W. J. Granger, 1987).
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where y',y = 0. Define a new distributed lag
operator D(L) equal to C(L)G . Gonzalo and
Ng (2001) show that the transformed (perma
nent and transitory) residuals are given by

nt: Ge[,

and their relation to x, is given by the Wold
representation

(6) Ax,= 8+ C(L)G 'Geg
=6+ D(L)n,

where 6 is a constant vector. Each element of
Ax, has been decomposed into a function of
two permanent shocks and a single transitory
shock.

This decomposition can be understood intu-
itively by noting that it gives the jth variable a
large weight in the permanent innovations and a
small weight in the transitory innovations when
v; is small, implying that the variable partici-
pates little in the error-correction required to
eventually restore the variablesto their common
trend. Conversely, it gives the jth variable a
small weight in the permanent innovations and
a large weight in the transitory innovations
when v, is large, implying that the variable
plays an important role in the error correction
required to restore the variables to their com-
mon trend. In the application studied here, the
elements of the adjustment vector y corre-
sponding to ¢, and y; are statistically indistin-
guishable from zero (Table 1), implying that
these variables have a large weight in the per-
manent innovations and a small weight in the
transitory innovations. By contrast, the element
of the adjustment vector vy corresponding to a; is
large in absolute value and strongly statistically
significant (Table 1), implying that a, will have
alarge weight in the transitory innovations and
a small weight in the permanent innovations.

With this decomposition, the level of x; can
be written as the sum of k [(1) common factors
(permanent component), and n — kI(0) transi-
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tory components, where k is equa to the num-
ber of common trends, in our case two.**

I11. Empirical Results

A. Permanent and Transitory Components of
Consumption, Wealth, and Income

Using the permanent-transitory decomposition
discussed above, it is straightforward to investi-
gate how each of the variables in our system is
related to permanent and transitory shocks. Table
2 displays the fraction of the total variance in the
forecast error of Ac,, Aa,, and Ay that is attribut-
able to the two permanent shocks combined (we
do not attempt to identify the impact of the two
permanent shocks separately), and to the single
trangitory shock. The transitory shock is con-
structed to be orthogona to the two permanent
shocks; we use this orthogona shock in the im-
pul se responses presented below. Later we present
variance-covariance decompositions which do not
assume that the transitory shock is orthogond to
the two permanent shocks. To quantify the sam-
pling uncertainty of the variance decompositions,
we compute cumulative distribution functions for
each variance decomposition using a bootstrap-
ping procedure. These results are presented in
Appendix C and Table C1.

Gonzalo and Ng (2001) recommend restrict-
ing the values of the parameters in y to zero
where they are statistically insignificant at the
5-percent level. Their simulation evidence sug-
gests that doing so as a matter of practice gen-
erates much more stable estimates of the
permanent-transitory decomposition. This is
also done elsewhere in other applications of this
methodology (Cochrane, 1994, and Gonzalo
and Granger, 1995). In the computations that
follow, we set vy, and v, to zero in order to
match the evidence from Table 1 that these

1 The k common factors in the Granger-Gonzalo/
Gonzalo-Ng decomposition described above are deter-
mined by v’ x, where ¥,y = 0. This permanent
component may contain serial correlation around the
random walk component given by the multivariate Bev-
eridge-Nelson decomposition. The random walk compo-
nent of the 1(1) common factors from the Gonzalo-
Granger/Gonzalo-Ng procedure is the trend concept
provided by the multivariate Beveridge-Nelson (Stephen
Beveridge and Charles R. Nelson, 1981) decomposition
investigated in Stock and Watson (1988).
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TABLE 2—VARIANCE DECOMPOSITION (ORTHOGONALIZED)
Aci,n — BAC,,, AYiin — EAYViin Aa ., — Eda,y
Horizon h P T P T P T
Ye=w=0
1 1.000 0.000 1.000 0.000 0.097 0.903
2 0.967 0.033 0.968 0.032 0.109 0.891
3 0.964 0.036 0.968 0.032 0.111 0.889
4 0.964 0.036 0.968 0.032 0.113 0.887
® 0.961 0.039 0.966 0.034 0.119 0.881
(0.92, 0.99) (0.01, 0.08) (0.93, 0.99) (0.01, 0.07) (0.11, 0.20) (0.80, 0.89)
7. and 1y, estimated
1 0.894 0.106 0.999 0.001 0.418 0.582
2 0.895 0.105 0.995 0.005 0.424 0.576
3 0.893 0.107 0.995 0.005 0.421 0.579
4 0.893 0.107 0.995 0.005 0.418 0.582
o 0.892 0.108 0.994 0.006 0.412 0.588
(0.63, 0.96) (0.05, 0.37) (0.81, 0.99) (0.01, 0.19) (0.25, 0.87) (0.44, 0.76)

Notes: The table reports the fraction of the variance in the h step-ahead forecast error of the variable listed at the head of each

column that is attributable to innovations in the permanent shocks, P, and the transitory shock, T. Horizons are in quarters,
and the underlying VECM is of order one. The last row reports the bootstrapped, described in Appendix C, 95-percent
confidence intervals for the h = o case. The sample spans the fourth quarter of 1951 to the third quarter of 2003.

variables are small and statistically indistin-
guishable from zero, but we also present results
using the actual point estimates of vy.

Table 2 displays the fraction of h-step ahead
forecast error in consumption, labor income,
and wealth growth that is attributable to the two
permanent shocks combined, and to the single
transitory shock. For h — o, we compute the
portion of the total variance of each variable
attributable to each disturbance. The top panel
of Table 2 shows the results when vy, and vy, are
set to zero; the bottom panel shows the results
when al elements of y are set to their point
estimates.

First consider the results in the top panel. For
consumption growth, the two permanent shocks
in this system explain over 95 percent of the
variance in the forecast error at al horizons.
The bootstrapped 95-percent confidence inter-
val is(0.92, 0.99). Thus, consumption isafunc-
tion of only the permanent componentsin a, and
y;: less than 5 percent of the variation in con-
sumption growth is attributable to the transitory
shock. Similarly, almost all of the variance in
income growth is attributable to the two perma-
nent shocks. Together they account for over 96
percent of the variation in the long-run forecast

error of Ay, with the bootstrapped 95-percent
confidence interval equal to (0.93, 0.99).

The findings are quite different for asset
wealth. Notice that the orthogonalization of
transitory and permanent shocks assumed above
ordersthetransitory shock last, thereby giving it
the smallest possible role in the transitory com-
ponent of a,. Despite this ordering, we find that
transitory shocks dominate changes in wealth:
the estimates reported in the top panel imply
that 88 percent of the variation in the growth of
asset wedlth is attributable to this shock; only 12
percent is attributable to permanent shocks. It
follows that the single transitory shock in this
system is essentially a wealth shock. This find-
ing implies that the vast mgjority of variability
in consumption, driven by permanent shocks, is
disassociated with the vast majority of variabil-
ity in wealth, driven by transitory shocks. This
does not mean that wealth has no impact on
consumption, but rather that only permanent
changes in wealth are related to consumer
spending.

Turning to the bottom panel of Table 2, it is
evident that when al elements of y are set to
their point estimates, the transitory component
of wedth is smaler, but still comprises the
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TABLE 3—VARIANCE DECOMPOSITION (UNORTHOGONALIZED)

Ac,n — BAC AYiin = BAYp Aag,, — EdAay,
Horizon h P T P, T P T P, T p T P, T
Ye = W= 0
1 1.000 0.000 0.000 1.000 0.000 0.000 0.932 1.663 —1.595
2 0.990 0.013 —0.003 1.026 0.045 -0.071 0.932 1.582 —1514
3 0.991 0.014 —0.005 1.025 0.046 —0.071 0.888 1571 —1.459
4 0.990 0.014 —0.005 1.025 0.046 -0.071 0.851 1.560 —1411
® 0.990 0.016 —0.005 1.022 0.049 —0.071 0.732 1531 —1.262
Y. and vy, estimated
1 1.149 0.153 —0.303 0.949 0.002 0.049 0.608 0.843 —0.451
2 1134 0.153 —0.287 0.951 0.006 0.043 0.608 0.811 —0.419
3 1132 0.154 —0.285 0.951 0.006 0.043 0.581 0.830 —0.411
4 1131 0.154 —0.285 0.951 0.006 0.043 0.560 0.844 —0.404
®© 1131 0.154 —0.285 0.950 0.007 0.043 0.512 0.880 —0.391

Notes: The table reports the fraction of the variance in the h step-ahead forecast error of the variable listed at the head of each
column that is attributable to innovations in the permanent shocks, P, the transitory shock, T, and two times the covariance
between P and T. Horizons are in quarters, and the underlying VECM s of order 1. The sample spans the fourth quarter of

1951 to the first quarter of 2003.

majority of its fluctuations: in this case, about
60 percent of the variation in wealth growth is
estimated to be transitory in this case. For con-
sumption and labor income, permanent shocks
are still the dominant source of variation, al-
though the confidence intervals are wider.

So far we have restricted the single transitory
shock to be orthogonal to the two permanent
shocks. By doing so, we cannot rule out the
possibility that consumption (or labor income)
contains a transitory component that is corre-
lated with the permanent components. To ad-
dress this possibility, Table 3 provides the
results of a variance-covariance decomposition,
which requires no orthogonalization. The table
displaysthe fraction of the h-step ahead forecast
error that is attributable to the variance of the
permanent shocks, the transitory shocks, and to
two times the covariance between the perma-
nent shocks and the transitory shock. The per-
manent components of consumption and labor
income are virtually uncorrelated with the tran-
sitory component; therefore it is not the case
that consumption contains a large transitory
component that is correlated with the permanent
shocks. The transitory component in wealth is
correlated with the permanent shocks, but this
does not alter the conclusion that the majority of
variation in g, is attributable to transitory shocks

and therefore unrelated to the majority of vari-
ation in quarterly consumption growth.

An implication of these last findings is that
they provide no support for the hypothesis that
consumption takes many periods to adapt to
permanent innovations in wealth or labor in-
come. Suppose consumption did adapt slug-
gishly to trend movements in wedth and
income. Then it would have to contain a tran-
sitory component, correlated with the perma-
nent shocks in wealth or income. Permanent
movements in wealth or income would not be
immediately accompanied by a full adjustment
in consumption to its trend level, generating a
transitory component in consumption and a
temporary deviation in the cointegrating resid-
ual from its mean.

This point can be made another way. If con-
sumption adjusts slowly to shocks, such tempo-
rary deviations in the cointegrating residual
from its mean should be eliminated by a subse-
guent movement in consumption, as it slug-
gishly adapts to the permanent innovation in
wealth or income. Deviations from the common
trendin c, a, and y should then tell us something
about the future path of consumption growth;
i.e., the cointegrating residual should have long-
horizon forecasting power for consumption
growth. Table 4 reports the results of regres-
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TABLE 4—LONG-HORIZON REGRESSIONS
Panel A: 3t Ac,., |, regressed on
Horizon H Ac, Ay, Aa, a'x, R?
1.00 0.20 0.07 0.04 -0.04 0.17
(2.82) (1.58) (2.96) (-1.22)
4.00 0.61 0.04 0.13 —0.06 0.14
(3.63) (0.37) (3.74) (—0.42)
8.00 0.58 0.07 0.09 -0.04 0.04
(1.64) (0.40) (1.74) (-0.18)
12.00 0.61 0.14 0.00 -0.17 0.04
(1.47) (0.70) (0.02) (—0.61)
16.00 0.56 0.15 0.02 -0.34 0.04
(1.06) (0.66) (0.24) (—0.94)
Panel B: X, Ay, |, regressed on
Horizon H Ac, Ay, Aa, a'x, R?
1.00 0.50 -0.12 0.09 0.01 0.10
(3.81) (—1.01) (2.47) (0.20)
4.00 1.36 —-0.20 0.15 0.05 0.12
(3.95) (-1.22) (2.45) (0.28)
8.00 1.37 -0.32 0.02 -0.10 0.04
(2.97) (-1.27) (0.26) (—0.35)
12.00 1.79 -0.20 —0.03 —0.26 0.06
(3.17) (—0.61) (—0.24) (-0.73)
16.00 1.46 0.02 —0.07 —0.45 0.04
(1.89) (0.05) (—0.46) (—0.84)
Panel C: S}, Aa,. , regressed on
Horizon H Ac, Ay, Aa, a'x, R?
1.00 0.06 —-0.04 0.10 0.39 0.06
(0.20) (-0.23) (1.20) (2.61)
4.00 0.45 0.11 0.26 1.46 0.17
(0.70) (0.36) (2.01) (2.67)
8.00 —0.63 0.76 0.42 2.84 0.30
(—0.61) (1.77) (1.62) (3.86)
12.00 0.03 1.04 0.18 3.81 0.37
(0.02) (2.19) (0.59) (3.96)
16.00 —0.08 0.96 0.15 3.72 0.29
(—0.06) (2.00) (0.53) (2.96)

Notes: The table reports output from long-horizon regressions of consumption, labor income, and asset wealth on lags of these
variables and the cointegrating residual a'x;. The dependent variables in the h-period regressions are AX,, ; + = + AX, p,
where X € {c, y, a}. For each regression, the table reports ordinary least-squares (OLS) estimates of the regressors,
Newey-West corrected t-statistics (in parentheses) and adjusted R? statistics. Significant coefficients at the 5-percent level are
highlighted in bold face. The sample spans the fourth quarter of 1951 to the first quarter of 2003.

sions of long-horizon consumption growth,
Ac, ., (defined asc, , , — ¢,), long-horizon Iabor
income growth, Ay, ;,, and long-horizon asset
wealth growth, Aa, , ;,, on the estimated cointe-
grating residua &’x,, controlling for Ac,, Ay,
and Aa,, over horizons, h, ranging from one to
16 quarters.

The first panel of Table 4 displays the long-
horizon forecastability of consumption growth.
The coefficients on time t consumption growth
are small but statistically significant predictors

of consumption growth up to four quarters out,
reflecting serial correlation in aggregate expen-
diture growth. The R? statistics imply that the
growth of consumption is not highly predictable
over horizons in excess of one year, however.
More to the point, the cointegrating residua is
always statistically indistinguishable from zero
in these regressions, and explains a negligible
fraction of the variation in future consumption
growth at al horizons. The results for labor
income growth are similar. These regressions
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provide no evidence that consumption adapts
sluggishly to permanent innovations in wealth
or income. The findings underscore the point
that the modest short-horizon predictability in
consumption growth evident in the data (and
primarily attributable to serial correlation) does
not imply that consumption slowly adjusts to
permanent innovations in wealth or income, and
is therefore forecastable over long horizons by
the cointegrating residual.

The only variable for which &', has any
forecasting power at any horizon is wealth
growth, consistent with the finding reported
above that it has a significant transitory compo-
nent. The residual has marginal predictive
power even at a horizon of 16 quarters and
beyond, with the adjusted R? statistic peaking at
about 31 percent at a 12-quarter horizon. These
adjusted R? statistics are unaffected by remov-
ing the other regressors Ac,, Ay, and Aa, from
the forecasting regression, thus all of the long-
horizon forecasting power for the growth in
asset wealth is attributable to a’x,. Note also
that wealth growth is substantially more fore-
castable than consumption or labor income
growth as the horizon over which these vari-
ables are measured increases. Wealth is mean
reverting and adapts over long horizons to
match the smoothness in consumption and labor
income.

The permanent-transitory decomposition em-
ployed here allows us to identify the random
walk component of each variable, given by the
multivariate Beveridge-Nelson decomposition
for this system. This alows us to assess how
highly correlated is each variable with its ran-
dom walk component. Not surprisingly, con-
sumption and labor income are highly
correlated with their random walk components,
while wealth is not. Even with the serial corre-
lation in measured spending growth, consump-
tion dtill displays a correlation of 91 percent
with its random walk component (Table
5).2> Similarly, labor income growth displays an
87-percent correlation with its random walk

15 This figure does not contradict the result in Table
2, that 99 percent of the variation in consumption growth is
attributable to permanent shocks. The reason is that the
permanent shocks in Table 2 are defined as those that have
permanent effects, and therefore allow for serial correlation
around the random walk innovation.
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TABLE 5—CORRELATION OF GROWTH RATES WiITH RANDOM
WALK COMPONENTS

Variable Correlation
Ac, 0.911
Ay, 0.871
Aa, 0.182

Note: The sample period is the fourth quarter of 1951 to the
first quarter of 2003.

component. By contrast, asset wealth isfar from
a random walk, displaying a correlation of just
18 percent with its random walk component.

To characterize the dynamic impact of the tran-
sitory wealth shock, Figure 1 shows the cumula
tive responses of Ac, Aa, and Ay, to a one-
standard deviation innovation in the transtory
shock. Standard errors for these responses are
presented in Appendix C. The responses of the
estimated cointegrating error, &'x; = ¢ — @8 —
ay, ae alsq plotted. Figure _1. depicts graphicd I_y
what the variance decompositions depict numeri-
cdly: an increase in the trangitory shock leads to
a shap incresse in asset wedlth, but has vir-
tudly no impact on consumption and labor earn-
ings at any future horizon. The consumption and
l[abor income responses are statisticaly insignifi-
cant (Appendix C), and economicaly negligible.
The effect of a transitory wedth shock on g, is
strongly significant over periods from a quarter to
severa years, but is eventually eiminated, as it
must be, since the shock is transitory. The long-
run response of a'x, to this shock is zero, since
deviations from the common trend in ¢, &, and y;
must eventualy be eiminated. Note that these
transitory movements in wesalth cause the cointe-
grating residual to deviate from its mean, forecast-
ing a subsequent adjustment in wedlth, which
restores the cointegrating relation.

Figure 1 also shows that the transitory shock
to wedlth is very persistent; a typical shock
continues to affect asset values for a little over
four years. Thus, transitory variation in wealth
is not characterized by mere day-to-day or even
quarter-to-quarter volatility. Instead, temporary
shocks can lead wealth to deviate for a number
of years from its long-run trend. Despite their
persistent effect on asset values, such shocks
bear virtually no relation to consumption at any
future horizon.

It is reasonable to ask whether this transitory
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FIGURE 1. TRANSITORY SHOCK

Note: Impulse responses to a one-standard-deviation transitory shock.

variation is driven by the stock market compo-
nent of wealth. At least two pieces of evidence
indicatethat itis. First, if we split wealthintoits
stock and nonstock components, a four-variable
variance decomposition shows clearly that, in
contrast to stock market wealth, nonstock
wealth is dominated by permanent shocks (re-
sults available on request). Second, the cointe-
grating residual for ¢, &, and y, is a strong
univariate predictor of stock market wealth
growth, but has virtually no predictive power
for nonstock wealth growth (Table 6). Since
nonstock forms of wealth do not adjust to close
a transitory gap in the cointegrating relation,
they cannot have an important transitory
component.

We close this section by considering what
these findings imply for conventional estimates
of the wealth effect on consumption. Estimates
of this effect, often referred to as the marginal
propensity to consume out of wealth, are typi-
cally formed from estimates of the cointegrating
coefficients for consumption, wealth, and in-
come. This makes some sense because such
cointegrating coefficients arise from a regres-
sion of consumption on wealth, controlling for

the influence of labor income. Moreover, be-
cause these estimates are based on cointegrating
coefficients, they are superconsistent, and there-
fore robust to the presence of regressor endoge-
neity. Modigliani (1971) used this approach to
calculate that adollar increasein wealth leads to
an increase in consumer spending of about five
cents. Using our own estimates of the cointe-
grating coefficients for log variables (i.e., &, =
0.30), we find that— once trandated as a rela
tion between levels of variables—the margina
impact of a dollar increase in wealth on con-
sumption is about 4.6 cents, in line with cus-
tomary estimates.*® Similar figures are reported
in Ludvigson and Steindel (1999). Such esti-
mates are valid descriptions of the trend relation
among consumption, wealth, and income. The
magnitude of these estimatesis not trivial quan-
titatively and may explain why it is commonly
presumed that sharp swings in asset values will
generate important changes in consumer
spending.

16 This number is obtained by multiplying &, = 0.30 by
the most recent value of C,/A..
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TABLE 6—LONG-HORIZON REGRESSIONS: STOCK MARKET WEALTH AND NON-STOCK-MARKET WEALTH

Forecast Horizon H

1 2 4

12 16 24

Panel A: Stock Market Wealth S}, As_ ,,

2.01 3.86 6.93 12.38 16.28 17.85 23.57
(4.28) (4.00) (4.14) (6.10) (7.79) (6.84) (5.72)
[0.08] [0.14] [0.23] [0.42] [0.52] [0.46] [0.43]

Panel B: Non-Stock-Market Weath H_, An, .,
—-0.12 -0.21 —0.39 —-0.61 —-0.83 —-1.24 —-1.79
(-1.93) (—1.65) (—1.55) (-1.27) (-1.22) (—1.40) (—1.56)
[0.04] [0.04] [0.05] [0.04] [0.04] [0.05] [0.06]

Notes: The table reports results from long-horizon regressions of the log first difference of the stock market component of
asset wedlth, As, in Panel A and the log first difference of the non-stock-market component, An, in Panel B on the lagged
cointegrating residual &'x;. In each column, the first number is the OL'S coefficient; the second number, in parentheses, is the
Newey-West corrected t-statistic; the third number, in square brackets is the adjusted R? statistic for the regression. The
sample spans the fourth quarter of 1951 to the first quarter of 2003.

But are these estimates appropriate as a sum-
mary measure of the consumption-wealth link?
It iscommonly said that every dollar increasein
wealth leads to a four- to five-cent increase in
consumption. Because these estimates are based
on parameters of a common trend, however,
they are informative only about the correlation
between consumption and permanent move-
mentsin wealth, not every movement in wealth.
They revea nothing about the relation between
consumption and transitory changes in wealth.
If most movements in wealth are transitory, and
if transitory movements have a very different
impact on consumption than do permanent
movements, such an estimate will poorly de-
scribe the true correlation between wealth and
consumption.

A better summary statistic would account for
the finding that much of the variation in wealth
is transitory and uncorrelated with consumer
spending. If 88 percent of the variance in wealth
istransitory, as Table 2 reports, only 12 percent
of the total variation in wealth will be associated
with a four to five cent on the dollar change in
consumption; the remaining 88 percent of the
variation in wealth will be associated with no
change in consumption. Although one could
combine these estimates into a single summary
statistic of the average response of consumption
to a dollar change in wedlth, it may not be
desirable to do so. After all, such an exercise
must necessarily obfuscate the finding that con-
sumption responds differently to permanent

changes in wealth than it does to transitory
changes in wealth. Instead, we emphasize that
conventional estimates of the wealth effect are
likely to be quite misleading, because they are
found to apply only to a small fraction of the
variation in wealth.

B. Time-Series Analysis of the Trend in Asset
Values

The empirical procedure employed here can
be used to decompose any of the variables in
our system into a “trend” and “cyclical” com-
ponent. A natural definition of trend in each
variable is the long-run forecast of the variable,
furnished by the trend component from the mul-
tivariate Beveridge-Nelson decomposition for
the cointegrated system (c, &, Vy)'-

The three panels of Figure 2 plot the resulting
trend components of consumption, asset wealth,
and labor earnings, along with the actual series
for each variable. The plot spans the period
beginning in the second quarter of 1952 to the
first quarter of 2003. Consumption and labor
earnings are visually indistinguishable from
their trends. This is not surprising since we
aready know that they are highly correlated
(Table 5). For asset wedlth, by contrast, there
are many times in the postwar period when asset
wealth has diverged substantially from its esti-
mated trend.

A clearer picture of the extent to which thisis
true is given in Figure 3, which shows the
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FIGURE 2. ESTIMATES OF THE TRENDS IN C, Y AND &

Note: The trend is defined as the long-run forecast of each variable given the multivariate Beveridge-Nelson decomposition
for the trivariate system c,, y,, and a,. The variables are measured in log real per capita units.

difference between the trend and actual value of
asset wedlth (the transitory component of
wealth), in percent of the trend component. The
series displayed in the figure has been normal-
ized so that when it is above zero, wedlth is
estimated to be above its long-term trend; when
it isbelow zero, wealth is estimated to be below
its long-term trend.

Figure 3 shows that asset values were above
their long-term trend during the mid-1950’'s and

late 1960's, and below their long-term trend in
many quarters from the mid-1970's through
1997. Consistent with popular impression, the
estimate picks out the “bull markets” of the late
1960's and 1990's, and the “bear markets’ of
the 1970's. Note the sharp decline in wealth in
1973, a year in which stock market wealth rel-
ative to GDP fell by a factor of two.

The figure also shows clearly that transitory
swings in wealth are both quantitatively large
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FIGURE 3. THE TRANSITORY COMPONENT OF ASSET WEALTH

Note: This plot shows the difference between the trend and actual value of asset wealth (the transitory component of wealth),

in percent of the trend component.

and persistent. Inthe 1990’ s, the transitory com-
ponent reached as high as 16 percent of the
permanent component of wealth. Trandated
into dollar amounts, this implies that wealth
exceeded its long-run trend by as much as
$16,781 per capitain 1996 dollars.

In general, periods of above-trend asset
wealth are typicaly followed by episodes of
negative excess returns on the aggregate stock
market, while below-trend asset values are typ-
icaly followed by episodes of positive excess
stock returns. For example, the spikes upward in
asset wesalth relative to trend in 1956 and 1973,
were followed, respectively, by a sequence of
negative excessreturnsin the 1960's, and by the
bear markets of the 1970's. The decline in asset
wealth relative to trend in 1994 was followed by
the bull market of the late 1990's. This estimate
suggests that, by the end of 1997, the stock
market boom had driven wealth to above-trend
levels, anticipating the broad decline in the
stock market wealth since 2000.

Of particular interest in Figure 3 is the level
of transitory wedalth in 1995, a period that
marked the beginning of the extraordinary surge
in equity values that occurred in the latter half
of the 1990's. As late as 1997—well into the

bull market of the 1990's and well after the
onset of worries shared by many analysts that
the market was “irrationaly exuberant”—
wealth was still below its long-term trend. In
contrast to other indicators such as the dividend-
yield and price-earnings ratio, this estimate sug-
gests that wealth was not due for a correction
until much later, when the stock market had
reached the lofty levelsit obtained by 1998 and
1999. The figure underscores the importance of
using information contained in consumption
and labor income, in addition to conventional
indicators such as dividends and earnings, for
determining the long-run value of asset wealth.

IV. Stability

In this section, we address an important objec-
tion to our empirical approach: the possibility of
instability in the cointegrating relation. The mean-
ingful question is not whether the econometric
model exhibits any instability at dl (few models
aimed at fitting data for the entire postwar period
would share such a property), but whether the
instability present is sufficiently large to alter our
main econometric conclusions. We address this
issue from a number of different angles.
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One possible angle is simply to employ for-
mal tests of parameter instability for cointe-
grated systems. These tests are not without their
limitations. The issue of identifying structural
breaks in common trends with finite samplesis
a subtle and tricky one. Long data spans are
often required to obtain consistent estimates of
cointegrating coefficients, yet instability tests
require those parameters to be estimated by
splitting an already finite sample into even smaller
subsamples. This requirement has led to a well-
known criticism of the entire structural break
approach, namely that the data-driven specifi-
cation searches inherent in the methodology can
bias inferences dramatically toward finding
breaks where none exist (see Edward Leamer,
1978; Andrew Lo and A. Craig MacKinlay,
1990).

With these caveats in mind, we present the
results of three tests of parameter stability in
cointegrated regression models. The procedures
are from Bruce E. Hansen (1992). For all three
tests, the null hypothesis is that the cointegrat-
ing vector is constant over the sample, although
the tests differ in their treatment of the alterna-
tive hypothesis. The first test, called the SupF
test, models the cointegrating vector as obeying
a single structural break with unknown break
date. The second two tests, called the MeanF
and the L tests, model the cointegrating vector
as a martingale process. For the trivariate
cointegrated system we investigate, the follow-
ing values for the three statistics, with p-values
in parentheses, were obtained:

SUpF = 9.67  (>0.20)

MeanF = 5.85 (0.064)

L. = 0.477 (0.112).

The results present a somewhat mixed picture
concerning the presence of instability. No test
presents overwhelming evidence of instability,
and the SupF test in particular does not suggest
any instability—this test statistic is not signifi-
cant at the 20-percent level. On the other hand,
the MeanF test statistic is significant at the
10-percent level, though not at the 5-percent
level; the L test statistic is at the 20-percent
level but not the 10-percent level. These last
two test results may hint at some instability in
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TABLE 7—COINTEGRATION VECTOR—SUBSAMPLES

Sample a, @,

1951Q4-2003Q1 0.269 0.621
1951Q4-19950Q4 0.332 0.571
1977Q3-2003Q1 0.077 0.978

Notes: This table presents DLS estimates of the cointegra-
tion vector a, and a, for various samples. The variables are
consumption ¢, labor income y,, and asset wealth a. The
sample spans the fourth quarter of 1951 to the first quarter
of 2003.

the cointegrating parameters, but for all teststhe
data are not sufficiently informative to reject the
null of stability at the 5-percent level. A possi-
bility is that some instability is present, but is
sufficiently small that a stable cointegrating re-
lation is a reasonabl e approximation of the data.
This possibility is consistent with the finding in
Lettau and Ludvigson (2001) that the cointe-
grating residual is sufficiently stable so as to
display statistically significant out-of-sample
forecasting power for asset returns.

A little digging indicates that the best case for
instability in this cointegrated system can be
made when data since 1995 are included in the
sample. For example, if the sample is ended at
1995:Q4, all of the test statistics reported above
have p-values in excess of 20 percent. Thus,
formal tests suggest no instability whatsoever in
the 44 years of data up to 1995. Another way to
see the influence of recent dataisto estimate the
cointegrating vector over subsamples. Table
7 shows that only in subsamples that include
data from the late 1990’s do the cointegrating
coefficients look drastically different from the
other subsamples. For example, estimates for
the period 1951:Q4-1995:Q4 look almost the
same as estimates from 1951:Q4-1977:Q2, but
are quite different from 1977:Q3-2003:Q1,
which includes post-1995 data and exhibits a
much smaller coefficient on wealth and larger
coefficient on income. Of course, a caveat with
these estimates is that they are not really proper,
since it is never appropriate to throw away
information when estimating the parameters of
acommon trend. Nevertheless they give arough
idea of wherein the sampleinstability might lie.

What's going on? The late 1990's were an
extraordinary episode in which the price-dividend
ratio on aggregate stock market indexes increased
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FIGURE 4. COINTEGRATION RESIDUAL

Note: The plot shows the cointegrating residual ¢, — oy, — a8 from 1951:Q4 to 2003:Q1. The cointegration vector [ay, a,]

is estimated using only data up to 1995:Q4.

more than threefold between 1995 and 1999.
During this period, wealth remained far above
its previously estimated long-run trend with
consumption and labor income, and persistently
so. Figure 4 demonstrates graphically by plot-
ting the cointegrating residua when the cointe-
grating vector is estimated on data through 1995:
Q4. The residua takes on large and sustained
negative values during the late 1990's, as
wealth moved well above its long-run trend
with consumption and labor income.

The irony of this episode is that, while it
weakens some formal statistical evidence in fa-
vor of a stable cointegrating vector, it serves to
reinforce the main conclusions of this paper: as
Figure 4 shows, the large and sustained negative
values in the cointegrating residual are entirely
eliminated by 2003, and the residual restored to
its postwar mean. The restoration of the cointe-
grating residual to its mean clearly coincides
with a large error correction in wealth, a direct
result of the broad stock market declines since
2000. By using only data up to 1995 to estimate
the cointegrating vector, we can be sure that this
restoration is not a result of estimating a new
mean and an entirely new cointegrating vector

on the unusual data post-1995. (Nevertheless,
the figure based on full-sample estimates |ooks
quite similar.)

Including datafrom the last half of the 1990’s
creates instability, not because the period was
fundamentally different from historical experi-
ence, but because, on the contrary, the episode
was a more extreme version of the historical
record, generating a transitory movement in
wealth that was larger and more persistent than
previously observed in our sample. Yet the es-
sence of the episode bears out the historical
experienceto atee: wealth surged well aboveits
long-run trend with consumption and labor in-
come only to be ultimately restored to that trend
because of a subsequent decline in asset values.
The important question going forward is
whether this episode represents a break toward
a fundamentally different long-run relation be-
tween consumption, wealth, and income, or
whether it was simply an outlier, merely the
largest of many such episodes in a familiar
pattern of events. It is too early to know for
sure, but Figure 4 suggests that the latter possi-
bility may be an important part of the story.

We close this section by noting a number of
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additional robustness checks that were per-
formed. The permanent/transitory decomposi-
tion is robust to changes in lag length in the
VECM, to the measure of consumption used
(total personal consumption expenditures rather
than nondurables and services), to the timing
convention for wealth, and to the procedure
used to estimate the VECM (two-stage DLS
OL S versus the Sgren Johansen, 1991, one-step
maximum likelihood estimator). These results
are available upon request.

V. Conclusion

The empirical linkage between wealth and
consumption is aclassic research problem at the
intersection of finance and macroeconomics.
We argue here that this linkage cannot be un-
derstood without distinguishing trend from cy-
clein asset values. Transitory variation in asset
wealth is both quantitatively large and highly
persistent. Indeed, our estimates imply that tran-
sitory shocks congtitute the vast mgjority of
fluctuations in quarterly net worth and have a
half-life of about two years. Yet despite their
guantitative importance, transitory shocks in
wealth are found to be unrelated to aggregate
consumer spending, contemporaneously and at
any future date. Aggregate consumption is well
described as a function of the trend components
in wealth and income and is dominated by
permanent shocks. In summary, permanent
changes in wealth do affect consumer spending,
but most changes in wealth are transitory and
are uncorrelated with consumption. A contribu-
tion of this paper is to document the sheer
quantity of variation in asset values that is ulti-
mately unsustained, as well as the extent to
which macroeconomic aggregates such as con-
sumption and labor income appear unaffected
by this variation.

These findings have at least one important
implication for monetary policy. Recent re-
search has suggested that central banks pursuing
inflation targets should ignore movements in
asset values that do not influence aggregate
demand (Bernanke and Mark Gertler, 2001).
The results in this paper underscore the rele-
vance of this recommendation, since they sug-
gest that most changes in asset values are
transitory and unrelated to consumer spending,
the largest component of aggregate demand.
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APPENDIX A: DATA DESCRIPTION

CONSUMPTION

Consumption is measured as either total per-
sonal consumption expenditure or expenditure
on nondurables and services, excluding shoes
and clothing. The quarterly data are seasonally
adjusted at annua rates, in billions of chain-
weighted 1996 dollars. The components are
chain-weighted together, and this series is
scaled up so that the sample mean matches the
sample mean of total personal consumption ex-
penditures. Our source is the U.S. Department
of Commerce, Bureau of Economic Analysis.

AFTER-TAX LABOR INCOME

Labor income is defined as wages and sala-
ries + transfer payments + other labor in-
come — persona contributions for social
insurance — taxes. Taxes are defined as [wages
and salaries/(wages and salaries + proprietors
income with IVA and Ccadj + rental income +
personal dividends + personal interest income)]
times personal tax and nontax payments, where
IVA isinventory valuation and Ccadj is capital
consumption adjustments. The quarterly data
are in current dollars. Our source is the Bureau
of Economic Analysis.

POPULATION

A measure of population is created by divid-
ing real total disposable income by rea per
capita disposable income. Our source is the
Bureau of Economic Analysis.

WEALTH

Total wealth is household net worth in bil-
lions of current dollars, measured at the end of
the period. Stock market wealth includes direct
household holdings, mutual fund holdings,
holdings of private and public pension plans,
personal trusts, and insurance companies. Non-
stock wealth includes tangible/real estate
wealth, nonstock financial assets (all deposits,
open market paper, U.S. Treasuries and Agency
securities, municipal securities, corporate and
foreign bonds, and mortgages), and also in-
cludes ownership of privately traded companies
in noncorporate equity, and other. Subtracted
off are liahilities, including mortgage loans and
loans made under home equity lines of credit
and secured by junior liens, installment con-
sumer debt, and other. Our source is the Board
of Governors of the Federal Reserve System. A
compl ete description of these datamay be found



VOL. 94 NO. 1

LETTAU AND LUDVIGSON: THE CONSUMPTION-WEALTH LINKAGE 295

TABLE B1—COINTEGRATION TESTS

L-max test Trace test t-test
r= 0 1 2 r= 0 1 2 Ho: no cointegration AlC SIC
10-percent c.v. 18.70 1210 282 26.79 1334 282 —3.52
5-percent C.v. 20.78 14.04 3.96 2951 1512 3.96 —3.80
1-percent c.v. 2552 1794 6.94 3534 1931 6.94 —4.36
1951Q4-2003Q1 sample
1llag 3033 598 0.9 3726 693 095 —4.36 —19.84 —19.69
2 lags 1778 409 105 2293 515 105 —3.86 —19.92 —19.63
1951Q4-1995Q4 sample
1lag 3186 480 0.63 3730 544 063 —4.77 —20.13 —19.97
2 lags 2198 379 094 26.72 474 094 —4.44 —20.18 —19.86

Notes: The first two columns report the L-max and Trace test statistics described in Johansen (1988; 1991). The former tests
the null hypothesis that there are r cointegrating relations against the alternative of r + 1; the latter tests the null of r
cointegrating relations against the aternative of p, where p is the number of variables in the cointegrated system. The last
column reports the Phillips-Ouliaris (1990) cointegration test. The critical values (c.v.) for the Phillips-Ouliaris tests allow for
trends in the data. The null hypothesis is no cointegration; significant statistics at the 10-percent level are highlighted in bold
face. The number of lags in the Johansen tests refers to the VAR specification. AIC is the Akaike information criterion and
SIC is the Schwartz criterion. The sample spans the fourth quarter of 1951 to the first quarter of 2003.

at  http://www.federalreserve.gov/releasesZ1/
Current/.

PRICE DEFLATOR

The nomina after-tax labor income and
weadlth data are deflated by the personal con-
sumption expenditure chain-type deflator
(1996 = 100), seasonally adjusted. In principle,
one would like a measure of the price deflator
for total flow consumption here. Since this vari-
able is unobservable, we use the total expendi-
ture deflator as a proxy. Our source is the
Bureau of Economic Analysis.

APPENDIX B: TESTS FOR COINTEGRATION

This Appendix presents the results of cointe-
gration tests. Tests for the presence of a unit
root in ¢, a, and y (not reported) are consistent
with the hypothesis of a unit root in those series
and are available upon request.

Table B1 reports test statistics corresponding
to two cointegration tests. Reported in the far
right column are residual-based cointegration
test statistics (Peter C. B. Phillipsand S. Oulia-
ris, 1990). The table shows both the Dickey-
Fuller t-statistic and the relevant 5- and 10-
percent critical values. The test is carried out
without adeterministic trend in the static regres-
sion, alowing for trends in the raw data. We

applied the data dependent procedure suggested
in Campbell and Perron (1991) for choosing the
appropriate lag length in an augmented Dickey-
Fuller t-test. This procedure suggested that the
appropriate lag length was one for the (c, a, y)’
system. The tests regject the null of no cointe-
gration at the 5-percent level.

Table B1 also reports the outcome of testing
procedures suggested by Johansen (1988, 1991)
that allow the researcher to estimate the number
of cointegrating relationships. This procedure
presumes a p-dimensional vector autoregressive
model with k lags, where p corresponds to the
number of stochastic variables among which the
investigator wishes to test for cointegration. For
our application, p = 3. The Johansen procedure
provides two tests for cointegration: under the
null hypothesis, H,, that there are exactly r
cointegrating relations, the “Trace” statistic
supplies alikelihood ratio test of H, against the
alternative, H,, that there are p cointegrating
relations, where p is the total number of vari-
ablesin the model. A second approach uses the
“L-max” statistic to test the null hypothesis of r
cointegrating relations against the aternative of
r + 1 cointegrating relations.

Because these particular test results are more
sensitive to the sampling interval, we present
results for both the full sample, 1951:Q4-2003:
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TABLE B2—CCR COINTEGRATION TESTS

Sample X p-value
1951Q4-2003Q1 0.175 0.675
1951Q4-1995Q4 0.869 0.351

Notes: The table reports results from Park’s (1992) canonica
cointegration regression (CCR) test. The null hypothesisis the
presence of cointegration. The test statistic is has a x? distri-
bution with one degree of freedom. The variables are con-
sumption ¢, labor income'y,, and asset wedlth a. The sample
spans the fourth quarter of 1951 to the first quarter of 2003.

Q1, as well as the sample 1951:Q4-1995:Q4,
which exclude the unusual late 1990's data. In
the latter sample, both the L-max and Trace test
results establish evidence of cointegration
among log consumption, log labor income, and
the log of household wealth. The L-max test
implies that we may reject the null of no cointe-
gration against the alternative of one cointegrat-
ing vector. In addition, the Trace test shows that
we cannot reject the null hypothesis of one
cointegrating relationship against the alternative
of two or three. Inthe full sample, theresultsare
more sensitive to the lag length in the underly-
ing levels vectorautoregression. When the lag
length is set to unity, both tests establish evi-
dence of a single cointegrating relation, but not
when the lag length is set to two.
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When the economic model implies cointegra-
tion, it has been argued that it is more appro-
priate to test the null hypothesis of cointegration
than the null of no cointegration (Park, 1990,
1992; Ogaki and Park, 1997). Tests of the no
cointegration null are known to have low power
against some alternatives and can fail to reject
the null with high probability even though the
variables are actually cointegrated (Ogaki and
Park, 1997). As a consequence, a number of
researchers have relied on tests of the null of
cointegration to establish evidence of cointegra-
tion, even in applications where Dickey-Fuller
and Johansen tests are unable to reject the null
of no cointegration (for example, Hsiang-Ling
Han and Ogaki, 1997; Ogaki and Park, 1997;
Ogaki and Carmen M. Reinhart, 1998). A test
based on the canonical cointegrating regression,
developed in the work of Park (1990; 1992), is
available to test the null of cointegration. Park’s
H(0, 1) test has an asymptotic chi-square distri-
bution with one degree of freedom, and is atest
of the null hypothesis of deterministic cointe-
gration (i.e., that the cointegrating vector which
eliminates the stochastic trends also eliminates
the deterministic trends). The results of this test
for ¢, a, and y are reported in Table B2. The
H(O, 1) test fails to reject the null of cointegra-
tion at a very high significance level.
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TABLE C1l—IMPULSE RESPONSE FUNCTION
Horizon (o Yt &

1 0.000 0.000 1.835
(0.000, 0.000) (0.000, 0.000) (1.628, 1.963)

4 0.113 0.178 1.437
(0.060, 0.159) (0.101, 0.249) (1.085, 1.747)

8 0.073 0.113 0.876
(0.0333, 0.117) (0.054, 0.179) (0.468, 1.392)

12 0.044 0.069 0.535
(0.015, 0.091) (0.026, 0.134) (0.203, 1.163)

16 0.027 0.042 0.326
(0.007, 0.072) (0.011, 0.107) (0.087, 0.970)

o0 0.000 0.000 0.000
(0.000, 0.001) (0.000, 0.002) (0.000, 0.018)

Notes: The table reports the impulse response function of ¢, y, and a to the transitory shock. The 95-percent confidence
intervals are reported in parentheses below the point estimates. Standard errors are computed using the bootstrap procedure
described in Gonzalo and Ng (2001) using 10,000 replications. Horizons h are in quarters, and the underlying VECM is of
order 1. The sample spans the fourth quarter of 1951 to the first quarter of 2003.

AprPENDIX C: STANDARD ERRORS FOR IMPULSE
ResponsE FUNCTIONS AND VARIANCE
DEcomMPOSITIONS

This Appendix presents 95-percent confidence
intervals for the impul se response functions and
variance decompositions. The confidence inter-
vals are generated from a bootstrap as described
in Gonzalo and Ng (2001). The procedure is as
follows. First, the cointegrating vector is esti-
mated, and conditional on this estimate, the
remaining parameters of the VECM are esti-
mated. The fitted residuals from this VECM,
&, are obtained and a new sample of data is
constructed using the initial VECM parameter
estimates by random sampling of & with re-
placement. Given this new sample of data, al
the parameters are reestimated, holding fixed the
number of cointegrating vectors, and the im-
pulse responses and variance decompositions
stored. Thisis repeated 5,000 times. The empir-
ical 95-percent confidence intervals are evaluated
from these 5,000 samples of the bootstrapped im-
pulse response functions are presented in Table
C1. The empirical 95-percent confidence inter-
vals are evaluated from these 5,000 samples of
the bootstrapped variance decompositions as
presented in Table 2.
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