NBER Macroeconomics Annual 2013

5
Shocks and Crashes

Martin Lettau, University of California, Berkeley, CEPR, and NBER
Sydney C. Ludvigson, New York University and NBER

I. Introduction

What are the primary sources of fluctuations in real activity and finan-
cial markets? We address this question by decomposing the historical
dynamics of log aggregate consumer spending, c,, log labor earnings,
Y, and log asset wealth, a,, into components driven by three mutu-
ally orthogonal structural disturbances, each of which we show plays
a quantitatively large role in the joint dynamics of these variables in
postwar data. The shocks we identify are econometrically distinguished
only on the basis of their degree of persistence: two of the disturbances
have permanent effects on the variables in the system, while the third
has persistent but transitory effects. But we argue here for one particu-
lar economic interpretation of these shocks, and show that their rela-
tive importance has varied considerably during the two most recent
expansion/recession episodes accompanied by asset market booms and
subsequent crashes.

The first shock we identify is a permanent disturbance that has a
long-run effect on consumption, labor earnings, and wealth, in a man-
ner akin to a permanent (factor neutral) total factor productivity (TFP)
shock in canonical frictionless stochastic dynamic general equilibrium
models. A positive value for this shock quickly raises consumption to
a new trend level and accounts for virtually all of its fluctuations. We
argue that this shock may be plausibly interpreted as a permanent pro-
ductivity shock.

The second shock is a permanent disturbance that moves labor earn-
ings and wealth in opposite directions but leaves aggregate consump-
tion unaffected. A positive value for this shock raises the stock market
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component wealth and lowers labor income. This shock accounts for
77 percent of the quarterly fluctuations in labor income growth and is
an important contributor to fluctuations in the level of the stock market
over longer periods of time. We argue that this shock may be plausibly
interpreted as a factor shares shock.

The third shock is a persistent but transitory innovation that accounts
for the vast majority of short-run fluctuations in asset values but has a
negligible impact on consumption and labor earnings, both contempo-
raneously and at all future horizons. These fluctuations are associated
predominantly with the stock market component of wealth and have
historically had smaller effects on other components of wealth, such as
non-stock market financial wealth, and housing. The shock has a half-
life of over four years and explains 90 percent of the quarterly variation
in household net worth. We argue that this shock may be plausibly in-
terpreted as an exogenous risk aversion shock.

Both the statistical identification and the economic interpretation of
these mutually orthogonal structural disturbances are accomplished
with three assumptions.

First, we use the restrictions implied by cointegration to distinguish
disturbances on the basis of whether they have permanent or transi-
tory effects. The presence of a cointegrating relation among c,, a,, and v,
follows from weak theoretical assumptions in any representative agent
model where a budget constraint identity holds, and is supported by
empirical evidence. Statistical tests for cointegration also imply that the
vector time-series is well described by two permanent shocks and one
transitory shock.

Second, we restrict the space spanned by the two permanent shocks
to be orthogonal to the transitory shock. This restriction, which follows
King et al. (1991) and Gonzalo and Ng (2001), may be thought of as a
definition rather than an assumption. We define the transitory shock to
be orthogonal to the space spanned by the permanent shocks, thereby
allowing us to identify their independent effects. If in fact there were
no transitory component in the system that had effects independent of
the permanent disturbances, the econometric procedure would assign
a zero role for this component in the variance decompositions of all
variables in the system. This restriction, along with the previous one, al-
lows us to completely identify the space spanned by the two permanent
shocks and the single transitory shock.

The final identifying restriction allows us to distinguish the indepen-
dent effects of the two permanent disturbances. For this, we make two
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Fig.1. BLS labor share

Notes: The figure plots the labor share constructed by the Bureau of Labor Statistics. The
series is normalized to 100 in 2005:Q1. The sample is 1952:Q1 to 2012:Q3.

related assumptions. First we assume that technological innovation
leads to some role for permanent productivity shocks in driving the
joint dynamics of the system. Thus we assume that one of the perma-
nent shocks in the system is a permanent TFP shock. Second, we ob-
serve that labor’s share of output has fluctuated considerably over time
in an extremely persistent manner (figure 1) and, as we show below,
affects labor income growth independently of TFP growth. Thus we
aim to recover a second permanent shock in the system that is related
to shifts in factor shares. The only interpretable orthogonalization ca-
pable of recovering both a TFP shock and factor shares shock requires
us restrict ¢ to be ordered first in the cointegrated vector autoregression
(VAR) before performing a Cholesky orthogonalization on the set of
transformed innovations that reveal (potentially correlated) permanent
and transitory shocks. The interpreted permanent productivity shock
will then be revealed as a consumption shock, while the permanent
factor shares shock will be revealed by a shock that affects labor income
and wealth, with no contemporaneous movement in consumption.
With this restriction and the prior two, we can completely characterize



296 Lettau and Ludvigson

35

25

0.54

&

Shocks (standardized)

-1.54

=3.5
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

quarters
TFP shock (Fernald) =— — =— - Productivity shock
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Notes: The figure shows four-year moving averages of the permanent productivity shock
and TFP shocks. The TFP data are from Fernald (2009). Both series are divided by their
standard deviations. The sample is 1952:Q1 to 2012:Q3.

the dynamics of consumption, labor income, and wealth as a function
of three mutually orthogonal shocks.

This last orthogonalization restriction can be motivated by canoni-
cal, frictionless stochastic general equilibrium models where permanent
productivity shocks determine the long-run levels of all economic vari-
ables. If there is a TFP shock in the system that affects labor income
and the value of all productive capital (wealth), it should be revealed
by a movement in consumption. If there is a factor shares shock in the
system that is orthogonal to TFP, it must be revealed by a reallocation of
rewards between y and 2 with no movement in consumption. Figure 2
shows that our interpreted productivity shock has cumulative effects
over longer horizons that match well the fluctuations in estimated TFP
provided by Fernald (2009).

The specific interpretation of these shocks as productivity, factor
shares, and risk aversion shocks is formalized in a follow-up paper to
this one (Greenwald, Lettau, and Ludvigson 2013). There we explic-
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itly model an economy with two types of consumers (shareholders
and workers) and three fundamental shocks: a permanent productivity
shock that drives aggregate (shareholder plus worker) consumption, a
highly persistent factor shares shock that reallocates rewards between
shareholders and workers, and an exogenous shock to shareholder risk
aversion that moves the stochastic discount factor pricing assets. We
show that the responses of aggregate consumption, labor earnings, and
asset wealth to these shocks are qualitatively very similar to the empiri-
cal responses reported here to our interpreted productivity, factor share,
and risk aversion shocks.

We emphasize the following findings from this decomposition. First,
the factor share shock underlies the vast bulk of quarterly fluctuations
in labor income growth. This permanent disturbance cannot be ex-
plained by macroeconomic theories in which trend movements in labor
income are driven solely by trend movements in factor-neutral produc-
tivity shocks that move the values of labor and productive capital in the
same direction.

Second, over the last twenty-five years, the cumulative effect of the
factor shares shock has persistently boosted stock market wealth and
persistently lowered labor earnings. Although this disturbance has little
impact on the stock market at quarterly frequencies, over long-horizons
its impact on the level of the stock market is substantial and has contrib-
uted to extended periods of relatively high stock market valuation (e.g.,
the last twenty-five years) and relatively low stock market valuation
(e.g., from the mid-1960s to mid-1980s).

Third, the transitory risk aversion shock underlies the vast bulk of
quarterly fluctuations in asset values. Although transitory, these shocks
are highly persistent with a half-life of over four years. We show else-
where that these transitory fluctuations are associated with predictable
variation in excess stock market returns, suggesting risk premia vary
over time.! This finding is difficult to reconcile with modern macro-
economic models because such models typically imply constant (or
nearly constant) risk premia. But this finding is also a challenge for
leading asset pricing models capable of rationalizing large movements
in risk premia (e.g., Campbell and Cochrane 1999). These models are
consistent with the existence of a transitory component in wealth, but
they cannot account for our finding that this component is unrelated to
consumption.

Fourth, we evaluate the relative roles these shocks played during
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the last two recessions, both accompanied by significant asset market
“crashes.” We find that the “tech” crash of 2000 to 2002 and the boom
that preceded it was almost entirely the result of a string of transitory
risk aversion shocks, with risk aversion steadily falling in the boom
years and sharply reversing at the beginning of the bust. The nega-
tive consequences for housing, consumption, and labor earnings were
quite subdued in this recession, consistent with the historical pattern
that these variables (especially consumption and labor income) are rela-
tively unaffected by pure risk aversion shocks. By contrast, the “hous-
ing” asset market crash of 2007 to 2009 (also accompanied by a bust in
the stock market) was characterized by large negative roles for both the
transitory risk aversion shock and the permanent productivity shock.
Importantly, the permanent productivity shock plays a much larger role
in quarterly fluctuations of housing wealth than in stock market wealth.
Thus, both consumption and housing were hard hit during the 2007 to
2009 crash, as was labor income. In contrast to the 2000 to 2002 experi-
ence, a string of negative draws for the productivity shock since 2007
is impeding the recovery in housing and weakening its medium-term
outlook. At the same time, the rebound in the stock market since 2009
can be shown to be predominantly the result of a string of transitory
declines in the risk aversion disturbance, an apparent reversal from the
sharp increase in risk aversion during the housing bust. The cumulative
effect of this latest string on stock market wealth has been sufficiently
large that household net worth is now, as of 2012:Q3, farther above its
long-run level that it was at the peak of the tech boom.

The rest of this paper is organized as follows. The next subsection
discusses related empirical literature. Section II discusses the data and
explains our econometric methodology. The objective of this method-
ology is to choose identifying restrictions in such a way that permits
one of the two permanent structural disturbances to have effects we
would expect of a permanent, factor-neutral TFP shock, and another
to have effects related to shifts in factor shares. Section III presents our
main findings from applying this methodology, both to the full postwar
sample, and over two boom-bust subsamples that significantly affected
both the real economy and asset markets during the last fifteen years.
Section IV is a general discussion involving analysis of some additional
data, alternatives, or refinements to our given interpretations of the
identified shocks, as well as some possible weak links in our own inter-
pretation. Section V concludes.
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A. Related Literature

Our paper is broadly related to a series of articles that use cointegra-
tion to identify the permanent and transitory components of a system
of macroeconomic variables that share at least one common stochastic
trend (King et al. 1991; Cochrane 1994; Gonzalo and Granger 1995; Gali
1999; Francis and Ramey 2001; Gonzalo and Ng 2001; Lettau and Lud-
vigson 2004). Our study is also related to a time-honored literature that
studies the sources of business cycle fluctuations as in Sims (1980) and
Kydland and Prescott (1982), and more recently, Christiano, Eichen-
baum, and Vigusson (2004); Fisher (2006); Smets and Wouters (2007);
and Justiniano, Primiceri, and Tambalotti (2009, 2010). The study clos-
est to the present paper is Lettau and Ludvigson (2004) (LL hereafter),
who examine the trend and cyclical components of the same system of
variables studied here, on earlier data. But the Lettau and Ludvigson
(2004) study differs in several key ways from the present one. First,
LL did not identify three mutually uncorrelated shocks in this system,
instead focusing only on the space spanned by the permanent shocks.
We accomplish this here by imposing additional identifying restriction
on the dynamics of consumption, introduced earlier. Second, LL did not
provide an economic interpretation of any of the shocks distinguished
by their degree of persistence, as we do here. Third, LL did not formally
relate fluctuations in the three identified disturbances to the major com-
ponents of assets (stock market wealth, nonstock financial wealth, and
housing) that make up household net worth.

II. Econometric Methodology

It is perhaps obvious that consumption, labor income, and household
wealth should move together over the long term. This can be motivated
more formally by considering the long-run implications of a standard
household budget constraint, see Lettau and Ludvigson (2001, 2010)
and LL. We refer the reader to these papers and simply note here that a
cointegrating relation for log consumption, c,, log labor income, y,, and
log asset wealth, a,, follows from fairly weak theoretical restrictions in
a broad class of models for which a household budget constraint must
be obeyed.

This section first describes the data and preliminary analysis. It then
describes how we isolate the permanent and transitory structural dis-
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turbances of a cointegrated vector of variables, x,, that has n elements.
In our application, x, = (¢, a,, y,)'. Throughout this paper we use lower
case letters to denote log variables, for example, In (A,) =4,

A. Data and Preliminary Analysis

The online appendix, available on the authors” web pages and at http://
www.nber.org/data-appendix/c12932/scr_onlineappendix.pdf, con-
tains a detailed description of the data used in this study. The log of
asset wealth, a,, is a measure of real, per capita household net worth,
which includes all financial wealth, housing wealth, and consumer du-
rables. Durable goods are accounted for as part of nonhuman wealth,
A, a component of aggregate wealth, W,, and so are not accounted for
as part of consumption.? Durables expenditures are also excluded in the
definition of flow consumption, C,, because they represent replacements
and additions to a capital stock (investment), rather than a service flow
from the existing stock. However, the total flow of consumption is un-
observable because, although there is a measure of the service flow
from housing, we lack observations on the service flow from the rest
of the durables stock. We therefore follow Blinder and Deaton (1985)
and Campbell (1987) and use the log of real, per capita expenditures on
nondurables and services (excluding shoes and clothing), as a measure
of c,. From the household’s budget constraint, an internally consistent
cointegrating relation may then be obtained if we assume that the log
of (unobservable) real total flow consumption is cointegrated with the
log of real nondurables and services expenditures. The log of after-tax
labor income, y,, is also measured in real, per capita terms. Our data
are quarterly and span the first quarter of 1952 to the third quarter of
2012. Table 1 presents descriptive statistics for the log differences Ac,,

Table 1
Growth Rates
Consumption Labor income Financial net worth

Std. dev. 0.47% 0.90% 2.19%
Correlations

Consumption 1.00 0.31 0.46

Labor income 0.31 1.00 0.16

Net worth 0.46 0.16 1.00

Notes: The table reports descriptive statistics of log first differences of consumption, labor
income, and financial net worth. The sample spans the fourth quarter of 1951 to the third
quarter of 2012.
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Aa, and Ay, Wealth growth is 4.7 times as volatile as consumption
growth and is 2.43 times as volatile as labor income growth in quarterly
data.

Let v < n denote the number of cointegrating relationships in a system
of n variables. The appendix presents empirical evidence supportive of
a single cointegrating relationships between ¢, 4,, and y, in quarterly
postwar data. Additional tests indicate no evidence of a second cointe-
grating relationship (see discussion following). Given our system of n =
3 variables, this implies the presence of 11 —r = 2 permanent innovations
and r =1 transitory innovations (Stock and Watson 1988). These innova-
tions are the structural disturbances we seek to identify.

Although statistical tests are supportive of a single trivariate coin-
tegrating relation between ¢, a,, and y,, the data provide no evidence
of a second linearly independent cointegrating relation (there can be
at most two). In particular, bivariate log ratios of these variables ap-
pear to contain trends in our sample. Economic models with balanced
growth would imply that bivariate log ratios (e.g., y, — 4,) are stationary.
Nevertheless, there is no evidence in our sample of cointegration for
any bivariate ratio pair in our system. We therefore follow the advice
of Campbell and Perron (1991) and empirically model only the single,
trivariate cointegrating relation for which we find direct statistical evi-
dence of in our sample. Campbell and Perron argue that treating the
data in accordance with the stationarity properties inferred from unit
root/cointegration tests results in better finite sample approximations
of test statistics than does treating the data according to its asymptotic
distribution that is true in population. Thus, a near-integrated but sta-
tionary data generating process is better modeled in a finite sample as a
unit root variable, even though the asymptotically correct distribution
is the standard one appropriate for stationary variables.

Identification of the structural disturbances is achieved in three
steps. For the first step, we use restrictions implied by cointegration to
identify structural disturbances distinguished by whether their affects
are permanent or transitory. The procedure follows Gonzalo and Ng
(2001) and is closely related to that in King et al. (1991) and Gonzalo
and Granger (1995). This procedure itself has several steps, the first of
which requires estimation of the cointegrating relationship(s) and the
vector-error-correction model (VECM) for the cointegrated system.

We assume all of the series contained in x, are first-order integrated,
or I(1), an assumption confirmed by unit root tests, available upon re-
quest. The cointegrating coefficient on consumption is normalized to
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one, and we denote the single cointegrating vector for x, = [¢, 4, y,]’ as
a=(1,-a,-a,).

The cointegrating parameters o, and o, are estimated using dynamic
least squares, which generates “superconsistent” estimates of o, and «,
(Stock and Watson 1993).3 We estimate & = (1, -0.18, -0.70)". The Newey
and West (1987) corrected t-statistics for these estimates are 20 and 56,
respectively.

The VECM representation of x, takes the form

Ax, = v + ya'x, ; + T(DAx,_; + e, (1)

where Ax, is the vector of log first differences, (Ac,, Aa,, Ay,), v, and
Y = (Yo Yo v,)" are (3 x 1) vectors, I'(L) is a finite order distributed lag
operator, and & = (1, -&, —@,) is the (3 x 1) vector of previously esti-
mated cointegrating coefficients.* The term &’x,_; gives last period’s
equilibrium error, or cointegrating residual, a variable we denote with
cay, = &'x,_;. The coefficients y are the vector of “adjustment” coeffi-
cients that tells us which variables subsequently adjust to restore the
common trend when a deviation occurs. Throughout this paper, we use
“hats” to denote the estimated values of parameters.

The results of estimating a first-order specification of (1) are pre-
sented in table 2.5 The estimates of the adjustment parameters in -y are
given in the first row of table 2. An important result is that although

Table 2
VECM
Equation
Dependent variable Ac, Aa, Ay,
cay, 4 0.01 0.20 0.05
(0.94) (2.33) (1.71)
Ac,, 0.32 0.25 0.52
(4.82) 0.73) (3.74)
Ay, 2.00 -0.14 -0.08
(1.67) (-0.78) (-1.18)
Aa,, 0.05 0.22 0.4
- (3.92) (3.26) (1.35)
R? 0.26 0.07 0.08

Notes: The table reports the estimated coefficients from cointegrated
vector autoregressions (VECM) of the column variable on the row vari-
able; t-statistics are in parentheses. Estimated coefficients that are sig-
nificant at the 5% level are highlighted in boldface. The term
¢, —aa — a,y, = &, is the estimated cointegrating residual. The
sample spans the fourth quarter of 1951 to the third quarter of 2012.
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consumption and labor income are somewhat predictable by lagged
consumption and wealth growth, they are not predictable by the coin-
tegrating residual &’x,_;. Estimates of . and v, are economically small
and insignificantly different from zero. By contrast, the cointegrating
error cay, is an economically large and statistically significant determi-
nant of next quarter’s wealth growth: v, is estimated to be 0.20, with a
t-statistic equal to 2.3.° Thus, only wealth exhibits error-correction be-
havior. Wealth is mean reverting and adapts over long-horizons to
match the smoothness in consumption and labor income.

B. Identification of Permanent and Transitory Shocks

The general identification problem is described as follows. The individ-
ual series involved in the cointegrating relation are presumed to have a
reduced-form multivariate Wold representation:

Ax, = 8+ C(L)e,, 2)

where e, is an n x 1 vector of innovations, and where C(L) =T +
C.L + C,L + Cs,L + - - -. The parameters a and vy, both of rank r, satisfy
o’C(1) = 0and C(1)y = 0 (Engle and Granger 1987).

The “reduced-form” disturbances e, have no particular interpreta-
tion. We seek to identify n = 3 transformed, or structural-form, innova-
tions distinguished by whether they have permanent or transitory ef-
fects. Denote these transformed innovations w, = (Mpy, Mo M1z,
where two are permanent and one is transitory. Without loss of general-
ity, shocks are ordered so that the first two have permanent effects (m,
and mp, , respectively), and the third transitory effects (n; ).

In the decomposition that follows, a shock is defined to be perma-
nent if

%1_1;{} OE,(x,.)/ onp, # 0. @3)
Conversely, a shock is transitory if
%g{} OE,(x;,)/ ong = 0. 4)

Notice that a permanent shock under this definition differs from the
long-run trend component obtained from a Beveridge-Nelson decom-
position, in that here a permanent shock may contain serially corre-
lated noise around the random walk component. Regardless of which
way the permanent-transitory decomposition is defined, permanent
shocks will have the same long-run effects on the variables. Moreover,
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it is straightforward to decompose movements in each of the variables
into components that deviate from their random walk components (see

below).
Let
G = [ Y } ) ()
«
where v/, is a matrix of rank n — r that satisfies”
Yooy = 0. (6)
(n:Txn n:?r (n=r)xr

Define a new distributed lag operator
D) = COG™

The structural (permanent and transitory) disturbances are given by
n = (”ﬂm,n T]Pz,mT,t)r where

n = Ge,

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

Ax, = & + Q)G 'Ge,

7)
=5+ D,

where 8 is a constant vector. Let D;(L) denote the i, jth element of D(L).
Through the identification of vy, this decomposition imposes the fol-
lowing restriction on the long-run multipliers of the structural-form
shocks:

D13(1) = D23(1) = D33(1) = 0. 8)

The restriction follows because the last 7 columns of the polynomial
matrix D(L) are responses of Ax, to transitory shocks, and by assump-
tion have no influence on the variables in the long run.

This decomposition can be understood intuitively 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 (via com-
putation of v'). In this case, the jth variable participates little in the
error-correction required to restore the series to their identified com-
mon trend, implying that it displays only small deviations from this
common trend. Conversely, it gives the jth variable a small weight in
the permanent innovations and a large weight in the transitory innova-



Shocks and Crashes 305

tions when v; is large, implying that it plays an important role in the
error-correction required to restore the series to their identified com-
mon trend. In the application studied here, the elements of the adjust-
ment vector y corresponding to c, and y, are statistically indistinguish-
able from zero (table 2), implying that these variables have a large
weight in the permanent innovations and a small weight in the transi-
tory innovations. By contrast, the element of the adjustment vector y
corresponding to 4, is large in absolute value and strongly statistically
significant, implying that a, will have a large weight in the transitory
innovations and a small weight in the permanent innovations.

The Gonzalo and Ng (2001) procedure involves restricting the values
of the parameters in y to zero where they are statistically insignificant
at the 5 percent level: failure to do so can result in unreliable estimates
of the permanent-transitory decomposition. This restriction is also im-
posed in other applications of this methodology (Cochrane 1994; Gon-
zalo and Granger 1995). In the computations that follow, we set y, and
v, to zero in order to match the evidence from table 2 that these vari-
ables are small and statistically indistinguishable from zero.

The cointegration restrictions applied so far are enough to identify
permanent and transitory innovations, but these innovations need not
be mutually uncorrelated. To identify shocks that are mutually uncor-
related, we apply a rotation to the vector of transformed shocks m,. Spe-
cifically, let H be a lower triangular matrix that accomplishes the Cho-
lesky decomposition of Cov(n,), and define a set of orthogonal structural
disturbances %) such that

i) = H'm, = H'Ge..
Also define
D(L) = C(L)GH
= D(L)H.

Then we may rewrite the decomposition of Ax, = (Ac,, Aa,, Ay,) as
Ax, = 8 + D), ©)

which now yields a vector of mutually uncorrelated permanent and
transitory innovations %;.

We make two identification assumptions that justify the particular
rotation H™ chosen.

First, we restrict the space spanned by the two permanent shocks to
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be orthogonal to the transitory shock. As discussed above, this restric-
tion may be thought of as a definition rather than an assumption. We
define the transitory shock to be orthogonal to the space spanned by
the permanent shocks, thereby allowing us to identify their indepen-
dent effects. If in fact there were no transitory component in the system
that had effects independent of the permanent disturbances, the econo-
metric procedure would assign a zero role for this component in the
variance decompositions of all variables in the system. This restriction,
along with the restrictions implied by cointegration, allows us to com-
pletely identify the space spanned by the two permanent shocks and
the single transitory shock.

The final identifying restriction allows us to distinguish the indepen-
dent effects of the two permanent disturbances. For this, we seek an
identification that allows us to recover both a TFP shock and a shock re-
lated to shifts in factor shares. Figure 1 shows that labor’s share of out-
put has fluctuated considerably over time in a very persistent manner.
Indeed, it has plummeted at the end of our sample and is at a record
low since data have been collected.

Table 3 presents results from regressions of labor income growth, Ay,,
on the growth in TFP as measured by Fernald (2009), ATFP, and two
measures of labor share growth, one simply defined as employee com-
pensation divided by compensation plus profits, ALS/?, and one mea-
sured by the Bureau of Economic Analysis’ Bureau of Labor Statistics
(BLS), ALSf™. By itself, ATFP, explains a large fraction of the variation
in Ay, (adjusted R? = 21%), but measures of labor share have significant
additional explanatory power, particularly the BLS measure: the coef-
ficient on ALSP™ is about half as large as that on ATFP, is strongly sta-
tistically significant (t-stat = 5.6), and explains an additional 6 percent
of the quarterly variation in labor income growth. Although these mea-
sures are all proxies for the corresponding theoretical concepts of TFP
and labor share, these results are suggestive of an important role for
each in driving labor income. Controlling for a lagged value of the de-
pendent variable, Ay,_;, has no impact on these results.

Thus we aim to recover a second permanent shock in the system that
is related to shifts in factor shares. The only interpretable orthogonaliza-
tion capable of recovering both a TFP and factor shares shock requires
us restrict ¢ to be ordered first in the cointegrated vector autoregression
(VAR) before performing a standard Cholesky orthogonalization. The
shock that is then interpreted as a permanent productivity shock (the
first permanent shock) will affect all variables in the system contem-
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Table 3
Labor income growth regressions

Dependent variable: Ay,

Independent

variables Ay, ATFP, ALSE? ALSPS R?
1 0.505 0.21
(t-stat.) (7.319)

2 0.585 0.182 0.23
(t-stat.) (8.251) (3.023)

3 0.670 0.306 0.27
(t-stat.) (9.403) (5.624)

4 -0.066 0.521 0.21
(t-stat.) (-0.641) (7.054)

5 -0.052 0.596 0.177 0.23
(t-stat.) (-0.532) (7.917) (2.756)

6 -0.083 0.694 0.313 0.28
(t-stat.) (-0.852) (9.265) (5.824)

Notes: t-statistics are obtained using Newey-West standard errors at 4 lags. Ay, is real labor
income growth obtained from the CAY data set (source: Martin Lettau and Sydney Lud-
vigson). ATFP, is TFP growth (source: FRBSF/Fernald). ALSS" is log labor share growth,
where labor share is measured as (compensation)/(compensation + profit). Compensa-
tion is “Compensation of Employees: Wage and Salary Accruals” obtained from the BEA
via FRED (series: WASCUR). Profit is “Corporate Profits After Tax” obtained from the
BEA via FRED (series: CP). ALS"" is log labor share growth, where labor share is the se-
ries “Nonfarm Business Sector: Labor Share” obtained from the BLS via FRED (series:
PRS85006173). The sample spans the period 1952:Q3 to 2012:Q2.

poraneously and be revealed as a consumption shock, implying that
the second permanent shock will be revealed by a movement in labor
income and wealth, with no contemporaneous movement in consump-
tion. We argue that this second permanent shock can be interpreted as
a factor share shock. With this restriction and the former two, we com-
pletely identify three mutually orthogonal shocks: two with permanent
effects on the variables in the system, and one with transitory effects.
This orthogonalization can be motivated by canonical, frictionless
stochastic general equilibrium models where permanent productiv-
ity shocks drive the long-run movements in the economy. If there is a
TFP shock in the system that affects labor income and the value of all
productive capital (wealth), it should be revealed by a movement in
consumption. Thus the a factor-neutral TFP shock must contemporane-
ously affect consumption, as well as labor income and wealth. In addi-
tion, typically in these models consumption is not myopic and responds
only to the permanent component of total (labor plus capital) income
driven by the TFP shock. So if there is a factor shares shock in the sys-
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tem that results in a mere reallocation of rewards between y and a with
no affect on total income, it should not affect consumption. Moreover,
without habits or other frictions and if the elasticity of intertemporal
substitution is very small, ¢ will be very close to a random walk if log
TFP is a random walk.

As an example, figure 3 shows the dynamic responses to a perma-
nent (log) TFP shock in a canonical real business cycle model, for three
different values of the elasticity of intertemporal substitution in con-
sumption (EIS), equal to 0.5, 0.2, and 0.1.% As the EIS falls, the response
of consumption is less sluggish and, for very small values of the EIS,
consumption is close to a random walk. It is straightforward to show
that, when the EIS ¢ = 0, log consumption is exactly a random walk
and log labor income and log capital follow unit root processes cointe-
grated with consumption. Moreover, when o = 0, the model is a gen-
eral equilibrium version of the permanent income model of Hall (1978)
and Flavin (1981) in which log consumption is exactly a random walk
and equals “permanent income,” given by the annuity value of wealth
plus the present discounted value of all future labor income.” Cochrane
(1994) used this reasoning to argue that consumption defined the trend
in GNP, allowing the identification of a large transitory component in
the latter. We can assess how well these theoretical features are captured
in our data by investigating the empirical impulse responses to our in-
terpreted TFP shocks.

An alternative to the orthogonalization just described would restrict
labor income to be ordered prior to consumption in the cointegrated
VAR." In this case the TFP shock that contemporaneously raises con-
sumption, labor income, and the value of all productive capital would
be revealed as a labor income shock, rather than a consumption shock.
The difficulty with this orthogonalization is that the second permanent
shock in the system, which is by construction orthogonal to the first,
would have no obvious interpretation as a factor shares shock. It would
contemporaneously influence consumption and wealth while leaving
labor income contemporaneously unaffected.” Furthermore, with TFP
shocks identified as labor income shocks, the empirical model would
have no way of accounting for evidence that movements in labor’s
share are substantial and have an important effect on labor income
growth even after controlling for measures of TFP growth (table 3). Our
aim is to find an interpretable orthogonalization that does recover both
a TFP and factor share shocks. The y-first approach would provide no
interpretable way to do so, since labor income shocks cannot both iden-



50 100 150 200 250 300 350 400
Quarters

50 100 150 200 250 300 350 400
Quarters

Sigma =0.5

50 100 150 200 250 300 350 400
Quarters

Fig.3. Impulse response functions in real business cycle (RBC) model

Notes: Percentage response of consumption, capital, and labor income, corresponding to a
1 percent technology shock in a model with fixed labor supply (normalized to one), spec-
ified in the following equations: ¥, = ArK!-; K,,, = 1 - dK)Y, - C,;C = BE{C\R...};
a, = da,_, + €,. Lowercase letters denote log levels. w, is log labor income (equal to real
wage since labor supply is fixed at unity), c, is log real consumption, and k, is log capital.
The parameter values are set as follows: ¢ = 1, r = 0.015, g = 0.005, o = 0.667, & = 0.025,
and o =1/%.



310 Lettau and Ludvigson

tify TFP shocks and be contemporaneously affected by factor shares
shocks orthogonal to TFP. The responses to the y-first shocks would be
linear combinations of the c-first responses, and therefore mixtures of
interpretable TFP and factor shares responses. For this reason, we do
not pursue such an orthogonalization.

A word about the interpretation of the transitory shock is in order.
We interpret the transitory shock in this system to be an exogenous risk
aversion shock, independent of TFP and factor shares shocks. We show
elsewhere that these transitory fluctuations are associated with predict-
able variation in excess stock market returns, suggesting risk premia
vary over time (Lettau and Ludvigson 2001, 2004, 2010). This compo-
nent bears no relation to current or future measures of real activity such
as consumption, labor income, dividend, or earnings growth. Thus, we
conclude that this shock must be a shock to the stochastic discount fac-
tor, rather than to cash flows. Greenwald, Lettau, and Ludvigson (2013)
model shareholder preferences so that risk aversion varies over time
in a manner that is independent of these measures of real activity. The
shocks to risk aversion affect asset values because they affect the rate
at which future cash flows are discounted. We show there that the re-
sponse of ¢, a4, and y to a risk aversion shock in the model is very similar
to the empirical responses reported below to our interpreted risk aver-
sion shock. Modeling risk aversion as an endogenous response to, for
example, TFP shocks will not work because in that model the transitory
shock that is orthogonal to the permanent shocks would then (counter-
factually) play little role in the dynamics of wealth.

C. Relating Structural Disturbances to Wealth Components

The econometric procedure just described is applied to the system of
¢, 4, and y,. But we also seek to study the role of each shock in the
dynamic behavior of three major components of household assets a,:
stock market wealth, non-stock market financial wealth, and housing.
The category referred to as “non-stock financial” wealth includes all
financial wealth outside of the stock market. So that the three compo-
nents sum up to total assets, we also include nonhousing tangible as-
sets in this category, which are a small component comprising only 10
percent of the category. For brevity, we simply refer to this component
as non-stock financial wealth. On average over the period spanning the
fourth quarter of 1951 to the second quarter of 2010, assets accounted
for of 1.16 of net worth while liabilities accounted for 0.16. Stock market
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Table 4
Wealth components
Net Stock Non-stock
worth  Assets Liabilities wealth Housing fin.
Share in net worth
1951:Q4-2012:Q2 1.00 1.16 0.16 0.22 0.29 0.65
1951:Q4-1961:Q4 1.00 1.10 0.10 0.18 0.25 0.67
1999:Q3-2012:Q2 1.00 1.22 0.22 0.29 0.32 0.61
Std. dev. 2.19 1.92 1.11 8.84 1.65 0.73
Correlations of log growth
rates
Net worth 1.00 1.00 0.30 0.90 0.43 0.32
Assets 1.00 1.00 0.37 0.89 0.45 0.35
Liabilities 0.30 0.37 1.00 0.18 0.51 047
Stock mkt. wealth 0.90 0.89 0.18 1.00 0.15 0.04
Housing 0.43 0.45 0.51 0.15 1.00 0.49
Non-stock financial 0.32 0.35 0.47 0.04 0.49 1.00

Notes: The table reports descriptive statistics of wealth components from the Flow of
Funds. The sample spans the fourth quarter of 1951 to the third quarter quarter of 2012.

wealth accounted for 22 percent of net worth, housing wealth 29 per-
cent, and non-stock financial wealth 68 percent.

Table 4 summarizes the statistics for these wealth components. Stock
market wealth is by far the most volatile component: the annualized
standard deviation of the log difference in stock wealth is 8.84 percent.
By contrast, housing wealth growth has a standard deviation of 1.65
percent and non-stock financial wealth growth just 0.73 percent. This
shows that all the “action” is in stock wealth and housing. Moreover,
the correlation of the log difference in net worth, Aa,, with the log dif-
ference in stock market wealth is 90 percent. Quarterly changes in net
worth are dominated by fluctuations in the stock market.

To relate these wealth components to the disturbances mp, , (perma-
nent productivity shock), 1, , (permanent factor shares shock), and n;,
(transitory risk aversion shock), we estimate empirical relationships
taking the form

Az, = ADMpy; + BDMpy + CDMp s + €54 (10)

where z,, represents the log level of the ith component of net worth
(e.g., stock market wealth, non-stock market wealth, housing) and A(L),
Ci(L), and C;(L) are polynomial lag operators.'? Since mp, ;, Mp,,, and my,
are mutually uncorrelated and i.i.d., we estimate these equations for
each component separately by OLS (ordinary least squares) with L = 16
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quarters. Because the disturbances mp,;, np,,, and m;, account for 100
percent of the variation in the log of net worth, g,, the residuals ¢;, are,
by construction, shocks to wealth components that are orthogonal to 4,.
Hence a positive innovation in one component must be met with a neg-
ative innovation in another component. Note, however, that the residu-
als €;, also include log/level errors since the sums of the logs of the
components do not equal the log of the sum of compo-
nents.

D.  Decomposition of Levels

To shed light on the role that each shock has played on the evolution of
the levels of the variables over time, we decompose the log levels into
components driven by each structural disturbance. To do so, consider
the decomposition of growth rates of wealth components in (10):

A(LMpy; + BDmpy,r + CDMr s + €,

Azl + AzP2 + AZ], + €,

Az,

The effect on the log levels of the variables of each disturbance is ob-
tained by summing up the effects on the log differences (where below
we drop the i subscript to denote the generic approach):*

t
zZ, = zy + 2 Az,
s=1

t t t
zo+2Azfl+2Azfz+2Ast+et (11)
s=1 s=1 s=1

Zo+ 2zl + 2zl + 2] + ¢,

where T is the sample size.
A similar decomposition of levels can be obtained for ¢, 4,, and y, by
referring to the relevant submatrices of (9):

Ax;, = Df,l(L)ﬂm,t + Di,z(L)ﬂpz,r + DI/S(L)'“TJ

Axl] + AxP? + Ax],,

where x;, is the i element of x, = (c,, 4, y,)’, and where ﬁ,-, /'(L2 denotes the
scalar polynomial lag operator that is the 7, jth element of D(L). There is
no residual in the above because, by construction, the two permanent
and one transitory shock account for all of the variance in Ax,. Summing
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the first differences we again obtain the effect of each shock on the log
levels:

Xip = Xig + 2 Ax;

t t t
=X+ O, AxPl+ Y AxP2 + Y Axl (12)
s=1 s=1 s=1
— P1 P2 T
= X0+ xl} + xfF + x],
III. Empirical Results

A. Permanent and Transitory Components of Consumption, Labor
Earnings, and Wealth

Using the permanent-transitory decomposition discussed earlier, we
now investigate how each of the variables in our system are related to
permanent and transitory shocks.

To characterize the dynamic impact of the structural disturbances,
figure 4 shows the cumulative impulse responses of Ac,, Aa,, and Ay,, to
a one-standard deviation innovation in each structural disturbance , ,
(productivity), mp, , (factor shares), and n;, (risk aversion). Confidence
intervals for these responses are presented in the online appendix. The
top panel shows that a positive innovation in productivity, n, ,, leads to
an immediate increase in ¢, a,, and y,. All three variables reach a new,
higher long-run level within a few quarters in response to this shock.
The second panel of figure 4 displays the empirical responses of ¢, a,,
and v, to the factor shares shock, 1y, ,. Consumption is unaffected by
this shock, both on impact (by assumption) and in all future periods (a
result). Instead, this shock drives 4, and y, in opposite directions. A pos-
itive value for this shock raises asset wealth 4, and lowers labor income
Y, both of which are moved to new long-run levels. The effect on labor
earnings is large and immediate: labor income jumps to a new lower
level within the quarter. Below we present evidence that changes in 4,
resulting from this shock are predominantly driven by the stock mar-
ket. The third panel of figure 4 shows that a positive transitory shock
(negative risk aversion shock) leads to a sharp increase in asset wealth,
but has virtually no impact on consumption and labor earnings at any
future horizon. The consumption and labor income responses are eco-
nomically negligible. By contrast, the effect of a risk aversion shock on
a, is strongly significant over periods from a quarter to several years,
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Fig. 4. Impulse response functions
Notes: The figure plots impulse response functions. The sample is 1952:Q1 to 2012:Q3.

but is eventually eliminated, as it must be, since the shock is transitory.
This shock is quite persistent, however, having a half-life of over four
years. Despite their persistent effect on asset values, such shocks bear
virtually no relation to consumption at any future horizon.

To get a sense for how these shocks have contributed to fluctua-
tions over time, figure 5 plots the cumulative sum over time of each
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Notes: The figure plots cumulative permanent and transitory shocks identified by the PT
decomposition. The sample is 1952:Q1 to 2012:Q3.

structural disturbance after having removed a deterministic trend. The
permanent productivity shock (top panel) was close to average (zero)
until the mid-1960s, turning positive from 1965 to 1973 and then nega-
tive again from the late 1970s to the early 1980s. The cumulative sum
reaches a peak around the year 2000 and begins to decline thereafter,
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falling sharply in 2007 and continuing its downward trajectory to the
end of our sample, 2012:Q3.

The cumulative sum of the factor shares shocks are shown in panel
2. A positive value for this shock lowers labor income and raises asset
wealth. This shock was close to average from the mid-1950s to mid-
1960s, then followed by a string of negative shocks from the mid-1960s
to the mid-1980s, and a string of positive shocks over the last twenty-
five years. Over the last twenty-five years, the cumulative effect of the
factor shares shock has persistently boosted wealth and persistently
lowered labor earnings.

Finally, the cumulative sum of transitory T shocks over time shows
notable above average values leading up to the peak of several asset
market booms, also discussed below. This shock appears to have be-
come more volatile since 1998.

How quantitatively important are these shocks? Table 5 displays the
fraction of h-step ahead forecast error variance in the log difference of
consumption, labor income, and wealth that is attributable to each
shock for h =1 and for h — oo, with the latter giving the portion of the
variance of each variable attributable to each disturbance. To quantify
the sampling uncertainty of the variance decompositions, we compute
cumulative distribution functions for each variance decomposition us-
ing a bootstrapping procedure described in the online appendix (http://
www.nber.org/data-appendix/c12932 /scr_onlineappendix.pdf).

Table 5
Variance decomposition
Prod. shock Fact. shares shock Risk aversion shock
Variable (%) (%) (%)
Ac,,, - EAc,,, 100 0 0
(100, 100) 0,0) (0,0)
Ayt+l - EtAyf+l 16 84 0
(11, 23) (77, 89) 0,0)
Aa,,,—EAa,, 7 0 93
(4,11) ©,1) (88, 96)
Ac,,..—EAc,,., 93 1 6
(87, 96) 0, 4) 3, 11)
Ay,..-EAy,,. 22 77 1
(16, 28) (70, 83) ©, 3)
Aa,,.—-EAa,, 7 3 90
(5,14) (1, 10) (80, 91)

Notes: The table reports the variance decomposition of consumption, labor income, and
net worth. Bootstrapped 90 percent confidence intervals are in parentheses. The sample
spans the fourth quarter of 1951 to the third quarter of 2012.
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As table 5 shows, the permanent productivity shock explains 93
percent of the variance in the forecast error of consumption growth at
long-horizons. Only 6 percent of the variation in consumption growth
is attributable to the transitory shock. Simply put, quarterly variation in
consumption growth is dominated by productivity shocks.

By contrast, the permanent factor shares shock explains 77 percent of
the variance of labor income growth in our sample. The productivity
shock explains 22 percent. Together, the two permanent shocks account
for 99 percent of the variation in the long-run forecast error of Ay,. This
shows that consumption growth and labor income growth are domi-
nated by permanent shocks—but they are not dominated by the same
permanent shock. The productivity shock explains a small fraction of
quarterly variation in labor earnings. Quarterly variation in labor income
growth is dominated by the factor shares shock.

This finding is especially puzzling for canonical macroeconomic
models where permanent shocks to labor earnings are driven by per-
manent technology shocks that move the value of labor and produc-
tive capital in the same direction. Even in models where nontechnology
shocks (e.g., preference shocks, fiscal shocks, monetary shocks) play a
role, they typically have only a temporary impact on the economy and
do not typically reallocate rewards among factors of production.

The results are quite different for asset wealth: 90 percent of the quar-
terly variation in the growth of asset wealth is attributable to the transi-
tory shock; only 10 percent is attributable to permanent shocks. Because
this shock bears virtually no relation with Ac, and Ay, the transitory
shock in this system is in effect, a wealth shock, orthogonal to these real
quantities. This result can be understood intuitively by observing that,
since consumption, wealth, and labor income are cointegrated, their an-
nualized growth rates must be tied together in the very long run, and
therefore so must their volatilities. Measured over quarterly horizons,
however, wealth growth is far more volatile than both consumption
and labor income growth (table 1). The short- and long-run properties
of these variables can only be reconciled if either (a) the annualized
volatility of consumption and/or labor income growth increases with
the horizon over which they are measured, or (b) the annualized volatil-
ity of wealth growth decreases with the horizon over which it is mea-
sured. The second possibility implies that wealth is not a random walk,
but instead displays mean-reversion and adjusts over long-horizons
to match the smoothness of consumption and labor income. The evi-
dence in table 5 suggests that the second possibility better describes
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Table 6

Correlation with random walk component

Consumption Labor income Financial net worth
0.97 0.99 0.31

Notes: This table reports the correlations of growth rates with the
growth rates of the nonstationary random walk components con-
structed from the permanent/transitory identification of shocks. The
sample spans the fourth quarter of 1951 to the third quarter of 2012.

US data than the first, signaling the existence of a significant transitory
component in wealth that is unrelated to consumer spending and labor
income. This transitory component is a reflection of the sizable fore-
castable component in stock market returns that is observed in US data
over medium to long-horizons."* Quarterly wealth growth is dominated by
transitory risk aversion shocks.

The decomposition used above allows the permanent component of
each variable to exhibit serially correlated “noise” around the random
walk component. The random walk component is the estimated value
the variable must take in the long run after all temporary shocks around
it have dissipated. To give a sense of how quantitatively important this
temporary noise around the random walk component is, we compute
the multivariate Beveridge-Nelson decomposition for this system,
which allows us to identify each variable’s random walk component.
This decomposition does not rely on any particular orthogonalization
of the errors and can be computed from the reduced-form errors in (2).
Table 6 shows that even with the serial correlation in measured spend-
ing growth, Ac, still displays a correlation of 97 percent with its random
walk component, while Ay, displays a 99 percent correlation with its
random walk component. Thus the permanent shocks we identify are
(essentially) random walks. This behavior for consumption is consistent
with the canonical real business cycle model when TFP shocks are per-
manent and the EIS is close to zero. By contrast, asset wealth is far from
a random walk, with Ag, displaying a correlation of just 31 percent with
its random walk component.

The random walk component of g, is of interest for another reason:
deviations from it tell us how far it is today from the estimated trend
level it must end up at in the long run. Given the large transitory com-
ponent in a,, these deviations could be quite sizable. Let the cyclical com-
ponent of a, be defined as the difference between the actual series 4, and
the random walk component of a,. Note that this definition differs from
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Notes: The figure plots log, per capita asset wealth minus its random walk component, in
percent of the random walk component. The sample is 1952:Q1 to 2012:Q3.

the transitory component given above, which is the difference between
the 4, and the permanent component of a,.

Figure 6 plots the cyclical component of a,, in percent of the trend
component. The series displayed in the figure has been normalized so
that when it is above zero, g, is estimated to be above its long-run trend;
when it is below zero, wealth is estimated to be below its long-term
trend. Transitory swings in wealth are both quantitatively large and
persistent. The two recent boom-bust episodes in asset markets stand
out. In the tech boom, just before the 2000 to 2002 crash, the transitory
component reached as high as 12.2 percent of the permanent compo-
nent of wealth. Translated into dollar amounts, this implies that wealth
exceeded its long-run level by as much $19,284 per capita in 2005 dol-
lars. The subsequent decline in stock market wealth that was predicted
by this large deviation restored net worth to its long-run trend with
consumption and labor earnings. Wealth was even more above its long-
run trend at the peak of the housing boom; just before the 2007 to 2009
crash, the transitory component reached as high as 29.1 percent of the
permanent component of wealth. Translated into dollar amounts, this
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implies that wealth exceeded its long-run trend by as much $47,986 per
capita in 2005 dollars. As of the end of our sample (2012:Q3), the transi-
tory component is 19.1 percent of the permanent component of wealth,
exceeding its long-run trend by $28,587 per capita in 2005 dollars. The
rebound in the stock market since 2009 has driven household net worth
farther above its long-run level than it was at the peak of the tech boom.

The large transitory component in wealth is difficult to reconcile with
most modern macroeconomic models because such models typically
have constant (or close to constant) risk premia. But this finding is also
a challenge for leading consumption-based asset pricing models ca-
pable of rationalizing large movements in risk premia. These models
are consistent with the existence of a transitory component in wealth,
but they cannot account for our finding that this component is unre-
lated to consumption.

To illustrate, we show how our decomposition would look if the
data were generated by two asset pricing models for which risk pre-
mia vary over time endogenously in response to consumption shocks.
Figure 7 shows impulse responses of consumption and wealth in the
Constantinides (1990) habit-formation model, a framework that can
explain the high equity premium in the data without appealing to
high risk aversion. The model is an endowment economy, so there is
no labor income and therefore only a bivariate cointegrating relation
between consumption and asset wealth. The model contains only a
single primitive shock, namely the permanent shock to the invested
endowment, which is a shock to log consumption. Thus there is in
fact no transitory shock in the model, but because the model is non-
linear the permanent/transitory decomposition can still be computed
using data simulated from the nonlinear model. The decomposition
therefore produces two shocks, one labeled permanent and one labeled
“transitory.” Were it not for nonlinearities in the model, the orthogonal
transitory shock would explain none of the variation in either variable.
Thus, perhaps not surprisingly, as figure 7 shows, the quantitative im-
portance of the transitory shock for wealth (and consumption) is tiny.
Nonlinearities alone are not enough to allow the model to explain the
large transitory component in wealth found in postwar data. On the
other hand, the consumption innovation in this model has effects that
are very similar to the first permanent productivity shock in our de-
composition.

The same calculation can be applied to the Campbell and Cochrane
(1999) external habit formation model. Campbell and Cochrane (1999),
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Notes: The figure plots impulse response functions of consumption and wealth to perma-
nent and transitory shocks in simulated data from Constantinides’ (1990) habit model.
The numbers in the legend are the fraction of the forecast error variance explained by the
permanent and transitory shocks.

building on work by Abel (1990) and Constantinides (1990), showed
that high stock market volatility and predictability could be explained
by a small amount of aggregate consumption volatility if it were ampli-
fied by time-varying risk aversion. As for the Constantinides model,
this is an endowment economy with a single permanent shock to log
consumption, c,. Also as in the Constantinides model, log consumption
and wealth are cointegrated, and there is no labor income. This model
differs from the Constantinides model in that the habit is external and is
a highly nonlinear function of current and an infinite number of lags of
past (aggregate) consumption, designed to allow the model to capture
the long-horizon forecastability of stock returns by the price-dividend
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ratio. Figure 8 presents impulse responses for log consumption and
log wealth using simulated data from the baseline Campbell-Cochrane
model. The top panel of figure 8 shows the responses of ¢, and g, to the
one permanent shock in the model. Consumption jumps immediately
to its new long-run level while wealth initially overshoots its long-run
level. This temporary but persistent overshooting implies that wealth in
the Campbell-Cochrane model deviates substantially from its random
walk component, given by the log level of consumption. The model
therefore implies that asset wealth has a quantitatively important tran-
sitory component that is correlated with the permanent consumption
shock, implying that excess returns in the model have a significant
forecastable component over longer horizons, as in the data. The bot-
tom panel of this figure shows, however, that the orthogonal transi-
tory shock represents a quantitatively small fraction of the variation in
wealth, accounting for only 16 percent of its fluctuations. The model is
inconsistent with evidence discussed above that orthogonal transitory
shocks account for the vast majority of fluctuations in wealth.

B.  Permanent and Transitory Shocks in Wealth Components

How do the major components of wealth respond to the structural dis-
turbances? Figure 9 shows the cumulative impulse responses of the
three major components of asset wealth (stock market wealth, housing,
and non-stock market financial wealth) to a one-standard deviation in-
novation in each structural disturbance. The responses are constructed
using the OLS estimates of (10). The productivity shock has an immedi-
ate impact on all three components (top panel), though note the scale of
these responses is much smaller than that of the transitory shock (bot-
tom panel). For housing, this shock is by far the most important, espe-
cially in the long run, as is evident from a comparison of long-horizon
responses of housing to each shock. By contrast, the factor shares shock
and the risk aversion shock have much smaller effects on home values,
over almost every horizon.

For stock market wealth on the other hand, figure 9 shows that two
of the structural disturbances are important: Over short horizons, the
transitory risk aversion shock dominates variability in stock market
wealth. A one-standard deviation increase in n; , has a large and persis-
tent effect on equity values. Figure 9 shows clearly that the risk aversion
shock results in a transitory movement in net worth because it causes a
transitory movement in the stock market component of wealth. But
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over long horizons, the factor shares shock mp, , also becomes quantita-
tively important. Indeed, the long-run response of stock market wealth
to this shock is as quantitatively important as the short-run response to
the transitory shock. It is perhaps puzzling that stock market wealth
responds so sluggishly to this permanent shock, suggesting that the
information revealed in the innovation is incorporated only slowly into
stock prices. Alternatively, it could be that it is not the price component
but rather the quantity component that responds slowly if the shock has
a long-run effect on the number of firms going public. The factor shares
shock has almost no effect on housing wealth or non-stock market fi-
nancial wealth. Figure 9 shows clearly the factor share shock is a shock
to shareholder wealth, not other forms of wealth.

The inverse influences of the factor shares shock on stock market
wealth and labor earnings is highlighted in figure 10, which puts to-
gether the findings from figures 4 and 9. A one standard deviation in-
crease in mp,, leads to an immediate decline in labor earnings and a
long-run increase in stock market wealth. Both stock market wealth and
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Table 7
Wealth components: Variance decomposition

Prod. Fact. shares Risk aversion

shock shock shock Residual
Wealth component (%) (%) (%) (%)
Net worth 8 4 88 0
Stock mkt. wealth 7 6 74 13
Housing 20 8 24 49
Non-stock fin. wealth 19 7 24 50

Notes: This table reports the variance decomposition of wealth components based on OLS
regressions on contemporaneous and lagged shocks. The numbers are the fraction of 1 =
o step-ahead forecast error in the log difference of the variable named in the row that is
attributable to the shock named in the column heading. The last column reports that share
of the variance that is due to the residual of the regressions. The sample spans the fourth
quarter of 1951 to the third quarter of 2012.

labor income reach new, higher, and lower trend levels, respectively, in
response to this shock.

Using (10), we characterize the relative quantitative importance of
each structural disturbance (as well as of the residual) for the major
components of wealth by computing a variance decomposition. Table 7
shows that the transitory risk aversion shock is most closely related to
stock market wealth and accounts for 74 percent of its quarterly volatil-
ity."> This shows that the vast bulk of quarterly variation in stock market
wealth is attributable to exogenous risk aversion shocks. The two per-
manent shocks account for very small amounts, 7 and 6 percent for the
productivity and factor shares shocks, respectively.

Housing wealth, on the other hand, is more closely related to the two
permanent shocks than is stock market wealth, primarily to the first,
which accounts for 20 percent of its variation. Still, the risk aversion
shock accounts for a non-negligible 24 percent of the quarterly fluctua-
tions in housing wealth growth in this sample. The remaining percent-
ages for housing are accounted for by the factor shares shock (8 percent)
and the residual €;, (49 percent) in (10). The relatively large role for the
residual in driving the quarterly dynamics of the log difference of hous-
ing wealth is likely to be at least in part attributable to a mechanical
log/level error in (10).16

C. Decomposition of Levels

The results above decompose quarterly growth rates into components
driven by the three shocks. We now wish to trace out their longer-run



Shocks and Crashes 327

Sum of Shocks—VECM

E 8
2 s
EL 2 M M
2
3 o \
5—2
Q-5
5
_10 AN
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
quarters
Permanent Productivity Shock—VECM
E 8
g 6
é 4 /\/\/\f‘\ M
2
8 o
J
= -2
a
ga
—_10 M
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
quarters
Permanent Factor Shares Shock—VECM
t g
£ 6
‘é.’ 4
2
8 0
E -2
T 5
3
-10
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
quarters
Transitory Risk Aversion Shocks—VECM
E 8
g 6
2 4
E 2
8 0 N
= -2
o
T 5
[
=-10
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
quarters
consumption

Fig.11. VECM Level Decomposition—Consumption

Notes: The figure shows the decomposition of the log level of consumption into compo-
nents driven by the productivity, factor shares, and risk aversion shocks, over time. A
linear time trend is removed. The sample is 1952:Q1 to 2012:Q3.

effects on the levels of the variables. The shocks may differ in their ef-
fects on the growth rates over horizons longer than a quarter, and this
should show up in the effect on the levels. Figures 11, 12, and 13 plot
the levels decompositions over time for c, a,, and y,, respectively, using
(12). The top panels of each figure show the sum of each component,
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Notes: The figure shows the decomposition of the log level of net worth into components
driven by the productivity, factor shares, and risk aversion shocks, over time. A linear
time trend is removed. The sample is 1952:Q1 to 2012:Q3.

or the total level of the variable. The bottom panels show the decom-
position in the total level attributable to the level components of each
structural disturbance. We have removed the deterministic trend from
the levels of each variable so that each component and its sum have a
well defined mean.
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Figure 11 shows that the movement in the log-level of consumption
over time is dominated by the movement in the level of the productiv-
ity shock. The other two shocks play virtually no role in the determina-
tion of changes in the level of consumption. By contrast, shorter-term
fluctuations in net worth (figure 12) are dominated by the level of the
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risk aversion shock, but these short-run tendencies are shifted up or
down by the cumulative effect of two permanent shocks. For labor
earnings (figure 13), both the productivity and factor share shocks have
influenced its level over low frequencies while the transitory risk aver-
sion shock plays no role. In particular, the cumulation of factor shares
shocks has been a persistent drag on labor earnings since the mid-1980s,
while it was a persistent boon from the mid-1960s to the mid-1980s.

Figure 14 shows how these shocks have affected the levels of the
three major wealth components, obtained using the OLS estimates and
(11). It is clear from the top panel that all three major asset classes (stock
wealth, housing, and non-stock financial wealth) are affected by about
the same magnitude by the productivity shock over time. There are sig-
nificant differences among these components in the roles the other two
shocks play, however. For example, low frequency movements in the
level of stock market wealth are dominated by the cumulative swings in
the factor shares component, whereas shorter-lived peaks and troughs
in the stock market have coincided with spikes up or down in the risk
aversion component. But the figure also shows that the stock mar-
ket experience over long periods is driven in great part by the factor
shares shock. Both the factor shares shock and the risk aversion shock
are much more important, quantitatively, for the level of stock market
wealth than is the productivity shock (note the left-hand scales). Fi-
nally, note that housing and nonfinancial stock market wealth are little
affected by the factor shares shock. For these components, the quanti-
tatively important innovation over long and short horizons is the per-
manent productivity shock.

An important aspect of these results, noted earlier, is that the low fre-
quency movements in the stock market are the inverse image of those
in labor earnings. This is further illustrated by figure 15, which shows
the stark inverse relationship over time between labor earnings and the
stock market that is the result of the cumulative reallocative outcomes
of the factor shares shock. For the last twenty-five years, the cumulative
effect of this shock has persistently lowered the level of labor earnings
and persistently boosted stock market wealth. By contrast, for twenty
years prior to that (from the mid-1960s to the mid-1980s), the cumula-
tive effect persistently boosted labor earnings and lowered stock market
wealth.

A more formal way to examine how the behavior of the level of the
variables is affected over time by the three shocks is to decompose the
variance of the log level by frequency, using a spectral decomposition.
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Effect of Factor Shares Shock on Labor Income and Stock Market Wealth
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To do so, we estimate the spectrum for the log difference in each vari-
able and then apply a filter to infer the level spectrum, allowing us to
compute the fraction of the variance in the log level of each variable
that is attributable to cycles of different lengths, in quarters. Figure 16
exhibits this decomposition for c,, a,, and y,; Figure 17 exhibits the same
decomposition for the major components of wealth.

Figure 16 shows that the variance in the level of consumption is dom-
inated at all frequencies by the productivity shock (top panel). The vari-
ance of labor income, on the other hand, is dominated by factor shares
shock for cycles of one to sixteen quarters, where the latter roughly
corresponds to the length of a typical (median) NBER business cycle
as measured from cycle peak to cycle peak. For cycles between six and
thirty-two quarters, the factor shares shock and productivity shock ex-
plain about the same amount of the variance in the level of labor earn-
ings; for very long cycles, the productivity shock explains a little more



Consumption

1.0
'\/"’f
0.8
2
B
006
(7]
0.4
]
&
0.2
Ll -
e Ol bttt ot L o et o ot e b
0 20 40 60 80 100 120 140 160 180 200
Length of cycles in quarters
Labor Income
1.0 5
v
c08f \
e
206
(7]
0.4
8 | f 0000 et e e m m m e e e e e e e e e e o = = ]
&
0.2
e T T
60 80 100 120 140 160 180 200
Length of cycles in quarters
Net Worth
1.0—7
£0.8 e i 8 B
B
206
(5]
S04
g
P02
0\_/-:—: -——— === O S I RRRSS SR T
00 s—=—=
0 20 40 60 80 100 120 140 160 180 200

Length of cycles in quarters

= Productivity shock == Factor shares shock == Risk aversion shock

Fig.16. Decomposition of spectra

Notes: The figure shows the decomposition of spectra at different frequencies. Spectra are
estimated in first differences and converted into spectra for levels: S (w) = (1 — exp(-iw))™

(1 — exp(-iw))™'S,,. The sample is 1952:Q1 to 2012:Q3.



334 Lettau and Ludvigson

than 60 percent, while the factor shares shock explains a little less than
40 percent. The transitory risk aversion shock plays no role in the vari-
ance of labor income at any cycle. Yet this shock is the most important
contributor to the volatility of total net worth at all frequencies, a fact
that reflects the persistent nature of the transitory wealth shock (bottom
panel).

Figure 17 shows that the large role for the transitory component in
the variance of 4, is reflected in all the major components of a,, espe-
cially at frequencies corresponding to cycles between two and forty
quarters. For stock market wealth, however, the factor shares distur-
bance plays an increasingly important role as the length of the cycle
increases, eventually explaining over 25 percent of the variance at very
low frequencies, while the importance of the risk aversion shock de-
clines from a high of almost 90 percent at high frequencies to 40 percent
at low frequencies. For housing wealth, the transitory risk aversion
shock plays an important role over cycles of short lengths while the
productivity shock plays the most important role over long cycles.

D. A Comparison of Two Asset Market Cycles

How does the recent behavior of these shocks relate to the observed
volatility in asset values and the real economy in recent business and
asset market cycle episodes? During the last twenty years, the US econ-
omy has experienced two recessions, accompanied by two asset mar-
ket “crashes.” In the “tech bust,” from March 2000 to September 2002,
the S&P 500 index declined 39 percent, accompanied by only a modest
drop in real activity during the 2001 recession. In fact, real, per capita
consumption and housing wealth rose from the first quarter of 2000
through third quarter of 2002, increasing 3.6 and 23 percent, respec-
tively. During the boom years leading up to this contraction, the S&P
500 index rose 221 percent (March 1994 to March 2000) while real, per
capita housing wealth rose a more modest 22 percent. By contrast, the
2007 to 2009 recession was associated with a decline in stock market
wealth of similar magnitude (the S&P 500 fell 44 percent from Septem-
ber 2007 to March 2009), but a much larger decline in real activity and
housing wealth. In the “housing bust” from the third quarter of 2007
through the first quarter of 2009, consumption fell 1.67 percent and
housing wealth declined 26 percent on a real, per capita basis. Prior to
this crash, the S&P 500 rose 75 percent (September 2002 to September
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2007), while housing wealth rose 38 percent (third quarter 2002 to first
quarter 2006).

The next figures explore the role of each structural disturbance in
household net worth and its major asset components over these two
boom/bust cycles. Figures 18 through 20 show the same level decom-
positions described above, but focused on the time period of these two
episodes. The three vertical lines in each plot divide the episodes into
four subpanels, two boom and two bust periods, with the first boom
period measured from 1994:Q1 to 2000:Q1, followed by a bust from
2000:Q1 to 2002:Q3, followed by a boom from 2002:Q3 to 2007:Q3, fol-
lowed by a bust from 2007:Q3 to the end of our sample, 2010:Q2.

Figure 18 exhibits the role each shock played in driving the level of
total net worth during these episodes. The figure shows that the tech
bust from 2000 to 2002 (and the boom that preceded it) was almost en-
tirely the result of a string of transitory risk aversion shocks: declining
risk aversion shocks in the tech boom leading to big transitory increases
in wealth, and rising risk aversion shocks in the bust leading big tran-
sitory decreases. The boom in net worth in the first subpanel on the
left and the decline in the second subpanel mirror closely the boom-
bust pattern in the cumulative effects of our identified transitory shock.
Indeed, the two permanent shocks had little effect on the level of net
worth: the cumulative effect of these shocks was essentially flat over
these two subperiods. Figure 19 shows that this same pattern during
the tech boom and bust is evident in stock market wealth but there is
no similar boom-bust pattern in housing wealth (figure 20). The asset
market downturn of 2000 to 2002 and the boom that preceded it was
almost entirely the result of a string of transitory risk aversion shocks
that affected only the stock market component of wealth.

By comparison, the housing market boom from 2002:Q2 to 2007:Q3
(shown in the third subpanel from the left) was the result of a culmina-
tion of positive transitory shocks (negative risk aversion shocks) that
affected all three major wealth components. The asset market crash of
2007 to 2009, on the other hand, was characterized by large negative
roles for both the risk aversion shock and the permanent productivity
shock, with the latter having especially important effects on housing
wealth.

The last subpanel of each plot includes the level forecasts for each
component, extended out past the end of our sample, 2012:Q3. The fore-
casts are computed from (10) by assuming all future innovations (past
the end of our sample) are equal to their population means of zero, and
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then rolling the computation for the levels forward (see [11]). In contrast
to the 2000 to 2002 experience, the model forecasts imply persistently
low home values going forward from the end of our sample, the result
of a string of negative draws to the permanent productivity shock since
2007. The cumulative effects of the other two shocks play no role in this
gloomy forecast for housing. At the same time, the rebound in the stock
market since 2009 can be traced to a string of transitory innovations
(figure 19, third panel): the only component of stock market wealth
moving up during the period since 2009:Q1 is the transitory compo-
nent interpreted as a rebound in risk tolerance from the drastic declines
that occurred during the housing bust. Returning to Figure 6 we see
that stock market wealth has once again driven household net worth to
values significantly above its long-run level by the end of the sample.

These patterns are similar to findings reported in Campbell, Giglio,
and Polk (2013), who argue that, in 2000 to 2002, stock prices fell pri-
marily because discount rates increased (implying a transitory decline
in stock wealth), while the 2007 to 2009 crash was attributable to both
worsening cash flow prospects (implying a permanent decline in stock
wealth) and to higher discount rates.

We left out any separate analysis of the twin recessions in the quarters
between 1980:1 and 1982:4. There was no significant decline in the stock
market during this period—indeed, the S&P 500 index rose 33 percent
between 1980:Q1 and 1982:Q4—though housing wealth deteriorated.
But it is worth noting that this recession was characterized by a string
of negative productivity shocks, with no major contribution from risk
aversion or factor shares shocks. This reinforces the previously found
pattern that housing is particularly hard hit by negative productivity
shocks but not by risk aversion shocks or factor shares shocks, while the
opposite is true for stock market wealth.

IV. Discussion

We now discuss some alternative possible interpretations for our
shocks, along with some weak links in our own interpretation. We start
with our own weak links.

It is important to remember that, econometrically, we have decom-
posed the historical variation in ¢, 4, and y into shocks distinguished
only by their degree of persistence, and then followed by assigning
each shock an economic interpretation. The advantage of this is that—
given only a hypothesis of cointegration—we can completely charac-
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terize the dynamics of the system with this decomposition. We have
argued that the interpretations we have assigned are plausible, but one
should bear in mind that we have not directly identified shocks that
have those interpretations. It follows that any specific interpretation
will be imperfect.

Our identification of the TFP shock (for example) is obviously imper-
fect if one takes estimates of Fernald (2009) as accurate. Figure 2 shows
that the long-run tendencies in these series are quite similar, but there
are some notable gaps in certain periods. We have also plotted the ca-
pacity unadjusted TFP series. Whatever is actually removed to obtain the
adjusted series, we found that it causes measured TFP shock to display
a far weaker relation with consumption and labor income growth than
is the case for the unadjusted TFP series. To the extent that the adjust-
ment accurately reflects changes in capacity utilization, our interpreted
productivity shock should then not be thought of as a pure technologi-
cal innovation, but rather as an innovation in productivity that includes
shocks independent of changes in the technological frontier. Of course
TFP is itself unobservable, and both our measure and Fernald’s are
proxies for the true value of this latent primitive shock.

Our interpretation of consumption shocks as driven by permanent
TFP shocks rules out any role for a second mutually uncorrelated per-
manent shock to contemporaneously affect consumption, and it rules
out a contemporaneous role for possible other transitory shocks (driven
by, for example, monetary or fiscal shocks) that could temporarily affect
consumption growth through a change in the expected real interest rate
if the EIS is nonzero. We emphasize, however, that if such additional
shocks are present, they do not appear to be quantitatively important
for consumption: both the second permanent shock and the transi-
tory shock in our system explain a negligible fraction of the variance
of consumption growth at all horizons, not just in the zero-th horizon
in which the restriction is imposed. Our interpretation of consumption
shocks is consistent with the findings of Justiniano, Primiceri, and Tam-
balotti (2009), who show that the comovement of consumption with
the rest of the economy is driven mainly by factor-neutral technology
shocks.

Besides TFP, there are two other shocks in our system, one or the
other of which is predominately responsible for quarterly variation in
labor income growth or asset wealth growth. We are not the first to con-
clude that factor-neutral technology shocks are only one source of vari-
ation in systems of economic aggregates (see, e.g., King et al. 1991; Gali
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1999; Christiano, Eichenbaum, and Vigusson 2004; Fisher 2006; Smets
and Wouters 2007; Justiniano, Primiceri, and Tambalotti 2009, 2010)."”

Other researchers have focused primarily on output, investment, and
hours, and on their variability at business cycle frequencies, whereas
we have focused on economic aggregates motivated by the household
budget constraint, namely consumption, asset wealth, and labor earn-
ings, and have scrutinized both long- and short-run tendencies in these
variables.

Others have also examined the role of shocks to labor’s share in the
production process, both in the data and in a standard real business
cycle model (e.g., Rios-Rull and Santaeulalia-Llopis 2009). Still others
have argued that variation in the labor share explains an important
fraction of inflation variation, as in Gali and Gertler (1999). Rios-Rull
and Santaeulalia-Llopis (2009) find empirically that shocks to labor’s
share tend to be negatively correlated with measures of productivity,
something we confirm using Fernald’s measure of TFP and the BLS
measure of labor share. But since we have assumed our two permanent
shocks are orthogonal in order to identify their independent effects, our
decomposition is silent on the role played by the correlated component
of the factor share and TFP shocks. Figure 21 plots our measure of the
factor shares component of labor income and the BLS labor share over
time. The two series generally follow similar long-run trends, but there
are some noticeable gaps in the mid-1950s and at the end of the sample.

We have shown previously that the transitory risk aversion shock is
unrelated to consumption or labor income. Even if our interpretation
of this shock as risk aversion disturbance exogenous to consumption
were correct, it does not follow that it must be unrelated to other mea-
sures of real activity, such as investment. A simple Q-theory of invest-
ment would imply that such a shock should have affects on investment
because it affects the rate at which future cash flows are discounted
(e.g., Cochrane 1991; Abel 1983; Abel and Blanchard 1986). Consistent
with this, empirical evidence suggests that cay, forecasts both invest-
ment growth and excess stock returns, in opposite directions, over long
horizons (Lettau and Ludvigson 2002).

Figure 22 shows the dynamic response of various measures of invest-
ment expenditure to the three structural disturbances in our system.
The responses are computed in the same way that the responses for the
wealth components are computed, by summing the growth rates im-
plied by an OLS regression of investment on distributed lags of m, ,,
Npy,» and My, as in (11). An increase in the transitory shock raises all



Shocks and Crashes 343

Factor Shares Component of Labor Income and Labor Share
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Fig.21. Factor shares component and labor share

Notes: The figure plots the labor share constructed by the Bureau of Labor Statistics and
the component of the log level of labor income that is attributable to the cumulative effect
of the factor shares shock. Both series are demeaned and divided by their standard devia-
tions. The sample is 1952:Q1 to 2012:Q3.

four types of investment (private investment, nonresidential invest-
ment, structures, and equipment) within a few quarters’ time and then
eventually lowers investment, consistent with the interpretation of the
transitory shock as a discount rate shock driven by risk aversion. Since
the transitory shock is unrelated to consumption, however, the source
of this discount rate shock cannot be a consumption innovation, as in
many consumption-based asset pricing models. Note also that an in-
crease in the permanent productivity shock has a positive effect on all
investment categories. This is not surprising since a positive productiv-
ity shock increases the expected value of marginal profits (cash-flows),
and therefore optimal investment in a Q model with adjustment costs.
Finally, the figure shows that a positive value for the factor shares shock
leads to a decrease in investment. This could occur if the shift in factor
shares is driven by a persistent shock to uncertainty or by price mark-
ups, as discussed next.

Let us now entertain several possible theoretical explanations for the
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Notes: The figure plots impulse response functions of different measures of (log level)
investment in response to the productivity, factor shares, and risk aversion shocks. The
sample is 1952:Q1 to 2012:Q3.
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second permanent shock that offer potential refinements of our inter-
pretation. One could involve “uncertainty” shocks of the type consid-
ered by Bloom (2009). A positive uncertainty shock makes the distri-
bution of future dividends right-skewed and raises the price-dividend
ratio (Pastor and Veronesi 2006). At the same time, macroeconomic re-
searchers have explored the interactions of financial frictions with in-
creases in uncertainty about firm-level growth rates and have found
that increases in uncertainty generate a fall in both output and labor
income and a rise in interest rates (e.g., Arellano, Bai, and Keno 2010).
These models may also imply that positive uncertainty shocks interact-
ing with financial frictions lead to a reduction in investment, as in Gil-
christ, Sim, and Zakrajsek (2010), consistent with the effect of the factor
shares shock on investment discussed above.

Jurado, Ludvigson, and Ng (2013) develop empirical measures of ag-
gregate uncertainty over different forecast horizons of / periods. Two
different measures capture uncertainty across a large number of eco-
nomic indicators: common firm-level uncertainty factors and common
macro uncertainty factors. The first measures common variation in fore-
cast error variance across a large number of firm-level profit growth
rates; the second measures the same for forecast error variance across a
large number of macroeconomic time series. Figure 23 shows the dy-
namic responses of these uncertainty measures to our factor shares
shock, computed in the same way that the responses for the wealth
components are computed, by summing the growth rates implied by an
OLS regression of uncertainty factors on distributed lags of np; ;, Mpy s,
and ny,, as in (11). The top panel shows that common firm-level uncer-
tainty does rise in response to our second permanent shock. The bottom
panel shows a more muted response for the macro uncertainty mea-
sures. These results hint at a possible role for uncertainty shocks in driv-
ing the second permanent shock that shifts factor shares, but more work
is needed to fully flesh out this link.

The factor shares shock could instead be the result of directed techno-
logical change. Researchers have postulated models of directed tech-
nological change to explain why the returns to some factors deviate
persistently from others (e.g., Acemoglu 2002). This suggests that, in
principle, a model of technological change biased in favor of capital and
against labor might explain the simultaneous high rewards to the stock
market and low rewards to labor effort resulting from the cumulative
effect of the factor shares shock over the last twenty-five years, while
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macro uncertainty factors for the same uncertainty horizons.
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technological change biased in favor of labor and against capital might
explain the converse over the twenty years prior.

The factor share shock could be driven by price mark-up shocks. A
price mark-up creates a wedge between prices and marginal cost, so an
increase in the mark-up increases profits and decreases the real wage.
Justiniano, Primiceri, and Tambalotti (2009) find that price mark-up
shocks explain 31 percent of the variance of wages at business cycle fre-
quencies, while factor-neutral productivity shocks explain 40 percent.
Unreported results in Justiniano, Primiceri, and Tambalotti (2009) also
imply that a positive price markup shock lowers investment, as in the
response of investment to a factor share shock. Given the cumulative
values of the factor shares shock displayed in figure 5, this interpreta-
tion implies that the economy has become much less competitive in the
last twenty-five years.

We close this discussion by noting one aspect of the data on con-
sumption, asset wealth, and labor income that has changed over time
and that makes the statistical interpretation of the model more ambigu-
ous today than it has been in the past: the estimated cointegrating re-
sidual cay, has become much more persistent. This can be seen in the
half-life to the transitory shocks that affect g,. In Lettau and Ludvigson
(2004), these shocks were estimated to have a half-life of three years; in
this update of the data, they have a half-life of four years. Thus devia-
tions from the common trend for these variables are more long-lasting,
and the forecastable component of asset returns operative at longer ho-
rizons, compared to previous samples. On a purely statistical basis, this
increase in persistence means it is now more difficult to econometrically
distinguish a stationary specification for cay, from a unit root specifica-
tion, although it should be stressed that we still find no evidence against
the null of cointegration among c,, 4,, and y,, even in these most recent
data. There are well-known difficulties in finite samples with distin-
guishing a highly persistent but stationary series from a genuinely non-
stationary one.

Despite these statistical concerns, there are good economic reasons to
believe that there is a common long-run relationship between c,, a,, and
y,: cointegration is implied by an aggregate budget constraint identity
(Campbell and Mankiw 1989; Lettau and Ludvigson 2001). Just as no
reasonable economic model would imply that the log price-dividend
ratio is nonstationary (where stationarity follows from a Taylor approx-
imation to the equation defining the log stock return), no reasonable
model would imply that ¢, 4, and y are not cointegrated, or equivalently
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that the system is characterized by three independent random walks. If
one believes that these variables must share a common long-run trend,
and given the evidence that c and y have never been even weakly fore-
castable by cay, (even in samples where the latter was much less persis-
tent), we argue that it is more reasonable to conclude that it is Aa, (rather
than Ac, or Ay,) that deviates substantially from a random walk, even if
those deviations appear far more persistent today than they have in the
past. This reasoning rules out rational bubbles. But bubbles create vola-
tility in asset values without creating predictability in returns, and we
have shown elsewhere that almost all of the variation in Ag, is attribut-
able to forecastable variation in excess returns. Every major asset crash
in our postwar sample has been preceded by an unusually low level of
cay,, and an unusually high value for the cyclical component of 4,.

One possible explanation for this shift in the estimated persistence
of cay, is that there has been a structural change in the long-run rela-
tionship among c, a4, and y, as there has been for the mean of the log
dividend-price ratio, which appears to have shifted downward in the
last fifteen years. If such a shift has occurred but we have ignored it, the
estimated cointegrating residual could appear to have a unit root, even
though it is actually stationary in each regime. We intend to investigate
these possibilities in future work.

V. Conclusion

In this study we have decomposed the postwar variation in consump-
tion, labor income, and household wealth into components driven by
three mutually orthogonal structural disturbances. The disturbances we
identify are econometrically distinguished only on the basis of whether
their effects are permanent or transitory. But we have argued here for a
specific economic interpretation for these shocks, with one interpreted
as a permanent productivity shock, another interpreted a permanent
factor shares shock, and the third interpreted as an exogenous risk aver-
sion shock.

We find that the productivity shock underlies the vast bulk of quar-
terly fluctuations in consumption growth, the factor shares shock un-
derlies the vast bulk of quarterly fluctuations in labor income growth,
and the risk aversion shock underlies the vast bulk of quarterly fluc-
tuations in asset wealth growth. The first finding is straightforward to
reconcile with canonical, dynamic stochastic general equilibrium mod-
els, but the last two present more of a challenge. Quarterly labor in-
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come is found to be dominated by shocks that merely redistribute the
rewards of production, rather than raise or lower all of them. Over the
last twenty-five years, the cumulative effects of such shocks have per-
sistently boosted shareholder wealth and persistently lowered worker
income. Short-run fluctuations in wealth, on the other hand, are domi-
nated by shocks that have no affect on consumption or labor income,
though they do affect investment. This finding is difficult to square with
most macro models and even with leading asset pricing models that
generate large movements in risk premia, because those models do so
by counterfactually linking innovations in risk premia to innovations
in consumption.

We recognize that any econometric exercise involving the precise
naming of shocks is fraught with potential peril because our models
are mere simplified representations of the world, because any empirical
“observations” on primitive inputs are almost always gross approxima-
tions of the theoretical concepts we wish to measure, and because we
must always assume that some component of each of these disturbances
is independent in order to distinguish their effects econometrically. We
therefore close by emphasizing three empirical features of the data that
stand out from our findings, and that we argue any economic model
should fit, however one wishes to interpret our identified disturbances.

First, log real, per capita consumption is (essentially) a random walk.
Consumption does not adapt sluggishly to shocks nor is it correlated
with the large transitory movements in household wealth driven by
the volatile stock market component. These statements do not depend
on any orthogonalization of shocks. We argue that any model should
be consistent with this basic fact. Models in which consumption adapts
sluggishly to shocks (as in some habit models), or moves significantly
with transitory fluctuations in income or wealth will be at variance with
this fact.

Second, factor shares vary in a persistent fashion over time and
have a significant impact on labor income. Over the last ten years, la-
bor’s share has plummeted (reaching an historic low by the end of our
sample) while stock prices relative to measures of fundamental value
have exhibited a structural break upward.'® We argue that any eco-
nomic model must fit these twin facts, which suggest the rewards from
production have shifted over time, most recently away from workers
and toward shareholders. Models of competitive labor markets where
factors of production earn constant income shares are unlikely to fit
this fact.
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Third, household wealth is about five times as volatile as consump-
tion and two-and-a-half times as volatile as labor income, yet the three
share a common trend. These simple observations, combined with the
further observation that deviations from this common trend display
virtually no relation to consumption or labor income but are instead re-
lated to future excess stock market returns, suggests that the compensa-
tion for bearing risk changes over time in a manner quite independent
from fluctuations in real activity. We argue that any economic model
should fit this fact. Models that make no allowance for significant fore-
castable excess stock market returns, or that do so by generating an
endogenous change in risk premia from a shock to consumption are
unlikely to fit this fact.
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1. See Lettau and Ludvigson (2001, 2004, 2010).

2. Treating durables purchases purely as an expenditure (by, for example, removing
them from A, and including them in C,) 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.)

3. We use eight leads and lags of the first differences of Ay, and Aa, in the dynamic
least squares regression. Monte Carlo simulation evidence in both Ng and Perron (1997)
and our own suggested that the DLS procedure can be made more precise with larger
lag lengths.

4. Standard errors do not need to be adjusted to account for the use of the “generated re-
gressor,” &’x, in (1) because estimates of the cointegrating parameters converge to their true
values at rate T, rather than at the usual rate VT (Stock 1987).

5. This first-order lag length was chosen in accordance with the Akaike and Schwarz
criteria.

6. 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 residual
for future asset growth cannot be attributable to interpolation procedures used to con-
vert annual survey data to a quarterly housing service flow estimate, part of the services
component of c,.

7. There are many such matrices v/ that satisfy (6), but ¥, is typically normalized so
that it contains (as elements) as many zeros and ones as possible while still satisfying (6).

8. For simplicity, the calculations presented in figure 2 assume that labor input is fixed.
The results are unchanged qualitatively if labor supply is instead elastically supplied and
leisure appears nonseparably in the utility function.

9. The response of capital, k,,,, is positive as in the data, but as we will see is more
sluggish than the response of 4, to our interpreted productivity shock in the data. This
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sluggishness follows from a well-known limitation of the canonical, frictionless business
cycle model for explaining stock market behavior: the consumption-good value of a unit
of installed capital is fixed at unity, so the only way wealth can adjust to an innovation in
TFP is through a change in the quantity of capital, K,,,, which evolves slowly over time
according to an accumulation equation K,,; = (1 - 8)K, + I, where 8 is a depreciation rate
and [, is a flow of investment.

10. The ordering of a relative to ¢ and y has no influence on the identification of the two
permanent shocks. The reason is that the space spanned by the two permanent shocks is
entirely summarized by c and y since these variables play no role in the error-correction
necessary to restore ¢, a4, and y to their common long-run trend. In this case, the perma-
nent shocks will be a linear combination of c and y, and any orthogonalization designed
to identify their independent components will depend only on the ordering of ¢ relative
toy.

11. Recall that we apply the Cholesky decomposition to the transformed shocks Ge,,
where G depends on ¥’ . Because the elements of y corresponding to the Ac, and Ay, equa-
tions of the VECM are statistically insignificant and therefore constrained to zero, the
space spanned by the permanent shocks will be entirely driven by Ac, and Ay,. As a con-
sequence, the Cholesky decomposition will render the two permanent shocks orthogonal
by requiring that the second permanent shock be revealed by a movement in whichever
variable among Ac, and Ay, is ordered second, with no contemporaneous movement in
the first variable. The transitory shock will be revealed by a movement in wealth with no
contemporaneous movement in c, or y,.

12. In principle, one could directly estimate permanent and transitory components of a
larger system of variables that would include ¢, y, and the various components of wealth
separately. We do not pursue this approach here, however, because there is no statistical
evidence of cointegration in any of these larger systems where wealth components are
included separately.

13. We remove the deterministic trend from the log level prior to summing over each
component.

14. Recent summaries of the evidence on stock return predictability are provided in
Lettau and Ludvigson (2010) and Koijen and Van Nieuwerburgh (2010).

15. The transitory shock also accounts for the majority of fluctuations in non-stock
financial wealth, but this component is so stable that it plays little role in the volatility of
net worth (table 4).

16. Since stock wealth has a much larger transitory component than does housing,
most of the quarterly variation in net worth is driven by transitory shocks that change
the share of stock market wealth in total net worth. Because the log of net worth is only
approximately equal to a (constant) share-weighted average of the logs of the components
of net worth, shocks that change the wealth shares would show up in the residual of (10),
implying (for example) that a large positive transitory shock that increased the share of
stock market wealth in total net worth would show up as a large negative residual in
housing (and a smaller positive residual in stock market wealth). Consistent with this,
the residuals in (10) for these two wealth components are highly negatively correlated.

17. Estimates of asset pricing models that suggest the return to human capital is nega-
tively correlated with stock market returns; for example, see Chen, Favilukis, and Lud-
vigson (2007) and Lustig and Van Nieuwerburgh (2008).

18. For evidence of the upward break in the price-dividend ratio for the US stock mar-
ket, see Lettau, Ludvigson, and Wachter (2008); Lettau and Van Nieuwerburgh (2008).
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