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1 Introduction

What are the primary sources of fluctuations in real activity and financial markets? We
address this question by decomposing the historical dynamics of log aggregate consumer
spending, ¢;, log labor earnings, 1;, and log asset wealth, a;, into components driven by three
mutually orthogonal structural disturbances, each of which we show plays a quantitatively
large role in the joint dynamics of these variables in post-war 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 particular economic interpretation
of these shocks, and show that their relative 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 manner 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 productivity shock.

The second shock is a permanent disturbance that moves labor earnings and wealth
in opposite directions but leaves aggregate consumption unaffected. A positive value for
this shock raises the stock market component wealth and lowers labor income. This shock
accounts for 77% 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 major-
ity of short-run fluctuations in asset values but has a negligible impact on consumption and
labor earnings, both contemporaneously 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% of the quarterly
variation in household net worth. We argue that this shock may be plausibly interpreted as

an exogenous risk aversion shock.



Both the statistical identification and the economic interpretation of these mutually or-
thogonal 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 transitory effects. The presence of a cointegrating
relation among ¢;, a;,and y; 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, Plosser, Stock, and Watson
(1991) and Gonzalo and Ng (2001), may be thought of as a definition rather than an as-
sumption. 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 pre-
vious one, allows 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 independent effects of the two
permanent disturbances. For this, we make two 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 permanent shocks in
the system is a permanent TFP shock. Second, we observe 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 capable 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 factors
share 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 the dynamics of consumption, labor income, and wealth as a
function of three mutually orthogonal shocks.

This last orthogonalization restriction can be motivated by canonical, frictionless stochas-
tic general equilibrium models where permanent productivity shocks determine the long-run
levels of all economic variables. 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 move-
ment 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 a 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 aver-
sion shocks is formalized in a follow-on paper to this one (Greenwald, Lettau, and Ludvigson
(2013)). There we explicitly model an economy with two types of consumers (shareholders
and workers) and three fundamental shocks: a permanent productivity shock that drives ag-
gregate (shareholder plus worker) consumption, a highly persistent factor shares shock that
reallocates rewards between shareholders and workers, and an exogenous shock to share-
holder 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 empirical responses reported here to our interpreted
productivity, factors share, and risk aversion shocks.

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

Second, over the last 25 years, the cumulative effect of the factor shares shock has persis-
tently 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 contributed to extended
periods of relatively high stock market valuation (e.g., the last 25 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 4 years. We show elsewhere 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 macroeconomic 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 the last two recessions,
both accompanied by significant asset market “crashes.” We find that the “tech” crash of
2000-02 and the boom that proceeded it was almost entirely the result of a string of transitory
risk aversion shocks, with risk aversion steady falling in the boom years and sharply reversing
at the beginning of the bust. The negative 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 relatively unaffected by
pure risk aversion shocks. By contrast, the “housing” asset market crash of 2007-09 (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 2007-09 crash, as was labor income. In contrast to the 2000-02 experience, 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 2 discusses the data and explains our econometric methodology.

The objective of this methodology is to choose identifying restrictions in such a way that

!See Lettau and Ludvigson (2001), Lettau and Ludvigson (2004), and Lettau and Ludvigson (2010).



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 3 presents our main findings from applying this methodology, both
to the full post-war sample, and over two boom-bust subsamples that significantly affected
both the real economy and asset markets during the last 15 years. Section 4 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

interpretation. Section 5 concludes.

1.1 Related Literature

Our paper is broadly related to a series of articles that use cointegration to identify the
permanent and transitory components of a system of macroeconomic variables that share at
least one common stochastic trend (King, Plover, Stock and Watson, 1991; Cochrane, 1994;
Gonzalo and Granger, 1995; Gali, 1999; Francis and Ramey, 2001; Gonzalo and Ng, 2001;
and Lettau and Ludvigson, 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, Fichenbaum, and Vigusson (2004); Fisher (2006);
Smets and Wouters (2007); Justiniano, Primiceri, and Tambalotti (2009, 2010). The study
closest 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 above. 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 components of assets (stock market wealth, non-

stock financial wealth, and housing) that make up household net worth.

2 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),
LL, and Lettau and Ludvigson (2010). We refer the reader to these papers and simply note
here that a cointegrating relation for log consumption, ¢, log labor income, 1;, 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 disturbances of a cointegrated vector of
variables, x;, that has n elements. In our application, x; = (¢, a4, y¢)’. Throughout this

paper we use lower case letters to denote log variables, e.g., In (4;) = a,.

2.1 Data and Preliminary Analysis

The Appendix contains 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 durables. Durable goods are accounted for as part
of nonhuman wealth, A;, a component of aggregate wealth, W;, and so are not accounted

2 Durables expenditures are also excluded in the definition of

for as part of consumption.
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 unobservable 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 ¢;. 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;, Aay, 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.

2Treating durables purchases purely as an expenditure (by, e.g., 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.)



Let » < 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 ¢;, a;, and y; in quarterly post-war data. Additional tests indicate no evidence
of a second cointegrating relationship (see discussion below). Given our system of n = 3
variables, this implies the presence of n —r = 2 permanent innovations and r = 1 transitory
innovations (Stock and Watson, 1988). These innovations are the structural disturbances we
seek to identify.

Although statistical tests are supportive of a single trivariate cointegrating relation be-
tween ¢y, a;, and 1, the data provide no evidence of a second linearly independent cointegrat-
ing relation (there can be at most two). In particular, bivariate log ratios of these variables
appear to contain trends in our sample. Economic models with balanced growth would imply
that bivariate log ratios (e.g., y; — a;) 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 evidence of in our sample. Camp-
bell 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 stationary 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, Plosser, Stock, and Watson (1991), 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 as-
sumption confirmed by unit root tests, available upon request. The cointegrating coefficient
on consumption is normalized to one, and we denote the single cointegrating vector for
Xt = [c, ae, g as o = (1, —a, —ay).

The cointegrating parameters o, and «, are estimated using dynamic least squares, which



generates “superconsistent” estimates of a, and «, (Stock and Watson, 1993).> We estimate
a = (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

AXt =v+ ’Ya/Xt_l + I‘(L)Axt_l + ey, (1)

where Ax; is the vector of log first differences, (Ac;, Aay, Ay,)', v, and v = (7,74, 7,)" are
(3x1) vectors, I'(L) is a finite order distributed lag operator, and & = (1, —a,, —ay,)" is the
(3x1) vector of previously estimated cointegrating coefficients. The term &'x; ; gives last
period’s equilibrium error, or cointegrating residual, a variable we denote with cay; = a'x;_1.
The coefficients 7 are the vector of “adjustment” coefficients 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 presented in Table 2.> The
estimates of the adjustment parameters in « are given in the first row of Table 2. An
important result is that although, consumption and labor income are somewhat predictable
by lagged consumption and wealth growth, they are not predictable by the cointegrating
residual a'x; ;. Estimates of ~, and 7, are economically small and insignificantly different
from zero. By contrast, the cointegrating error cay; is an economically large and statistically
significant determinant 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 behavior. Wealth is
mean reverting and adapts over long-horizons to match the smoothness in consumption and

labor income.

3We 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.

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

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

6We 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 at-
tributable to interpolation procedures used to convert annual survey data to a quarterly housing service flow
estimate, part of the services component of ¢;.



2.2 Identification of Permanent and Transitory Shocks

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

Ax; = & + C(L)e,, 2)

where €; is an n x 1 vector of innovations, and where C(L) =1+ C,L + CoL + C3L + - - -.
The parameters o and -, both of rank r, satisfy &’C(1) = 0 and C(1)y = 0 (Engle and
Granger, 1987).

The “reduced form” disturbances e; have no particular interpretation. We seek to identify
n = 3 transformed, or structural-form, innovations distinguished by whether they have per-
manent or transitory effects. Denote these transformed innovations 1, = (1p1 4, 7p2y, 174)
where two are permanent and one is transitory. Without loss of generality, shocks are or-
dered so that the first two have permanent effects (7p, ; and 7p, ; respectively), and the third
transitory effects (17,).

In the decomposition that follows, a shock is defined to be permanent if

hh_)rgo OL(X¢41)/Onpy # 0. (3)

Conversely, a shock is transitory if
Jim OE(Xi4n)/ Oy = 0. (4)

Notice that a permanent shock under this definition differs from the long-run trend com-
ponent obtained from a Beveridge-Nelson decomposition, in that here a permanent shock
may contain serially correlated 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, it is straightforward to decompose
movements in each of the variables into components that deviate from their random walk
components (see below).

Let



where v/, is a matrix of rank n — r that satisfies’

The structural (permanent and transitory) disturbances are given by n, = (77 P1is ] p27t77T7t),
where

n = Gey,

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

Ax, = 6+ C(L)G 'Ge, (7)

where d is a constant vector. Let D;; (L) denote the 7, jth element of D(L). Through the
identification of -+, this decomposition imposes the following restriction on the long-run

multipliers of the structural-form shocks:
D13 (1) - D23 (1) - D33 (1) - O (8)

The restriction follows because the last r columns of the polynomial matrix D(L) are
responses of Ax; to transitory shocks, and by assumption 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 7, is small (via computation of 4/, ). In this case, the jth variable participates little in
the error-correction required to restore the series to their identified common 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
innovations when +, is large, implying that it plays an important role in the error-correction
required to restore the series to their identified common trend. In the application studied

here, the elements of the adjustment vector < corresponding to ¢; and y; are statistically

"There are many such matrices ~', that satisfy (6), but «/, is typically normalized so that it contains as
elements as many zeros and ones as possible while still satisfying (6).
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indistinguishable from zero (Table 2), implying that these variables have a large weight in
the permanent innovations and a small weight in the transitory innovations. By contrast,
the element of the adjustment vector < corresponding to a, 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 v to zero where they are statistically insignificant at the five percent level: failure to
do so can result in unreliable estimates of the permanent-transitory decomposition. This
restriction is also imposed in other applications of this methodology (Cochrane (1994) and
Gonzalo and Granger (1995)). In the computations that follow, we set 7, and 7, to zero
in order to match the evidence from Table 2 that these variables are small and statistically
indistinguishable from zero.

The cointegration restrictions applied so far are enough to identify permanent and tran-
sitory innovations, but these innovations need not be mutually uncorrelated. To identify
shocks that are mutually uncorrelated, we apply a rotation to the vector of transformed
shocks m,. Specifically, let H be a lower triangular matrix that accomplishes the Cholesky

decomposition of Cov(n,), and define a set of orthogonal structural disturbances 1 such that
n=H 'n,= H 'Ge,.
Also define

D(L)

Il
Q
Ly
“
¥

Then we may re-write the decomposition of Ax; = (Acy, Aay, Ay,) as
Axi=8+D(L), (9)

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 be orthogonal to
the transitory shock. As discussed above, this restriction 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.

11



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 restrictions implied by cointegration, allows 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 independent effects of the two
permanent disturbances. For this, we seek an identification that allows us to recover both a
TFP shock and a shock related to shifts in factor shares. Figure 1 shows that labor’s share
of output 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), AT F P,, and two measures of labor share growth, one
simply defined as employee compensation divided by compensation plus profits, ALSE?,
and one measured by the Bureau of Economic Analysis’ Bureau of Labor Statistics (BLS),
ALSPES, 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 coefficient on ALSPES is about half as large as that on
ATF P, is strongly statistically significant (¢-stat = 5.6), and explains an additional 6% of
the quarterly variation in labor income growth. Although these measures 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
dependent variable, Ay, 1, 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 orthogonalization 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 contemporaneously 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 consumption. We argue that this second
permanent shock can be interpreted as a factors share shock. With this restriction and the
former two, we completely identify three mutually orthogonal shocks, two with permanent

effects on the variables in the system, and one with transitory effects.

12



This orthogonalization can be motivated by canonical, frictionless stochastic general equi-
librium models where permanent productivity 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 contemporaneously affect consumption, as well as labor
income and wealth. In addition, 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 system 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 intertempo-
ral 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 permanent (log) TFP shock in
a canonical real business cycle model, for three different values of the elasticity of intertem-
poral substitution in consumption (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 cointegrated with consumption. Moreover, when ¢ = 0, the model is a general
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 interpreted TFP shocks.

An alternative to the orthogonalization just described would restrict labor income to be

8For 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 non-separably in
the utility function.

9The response of capital, k1, is positive as in the data, but as we will see is more sluggish than the
response of a; to our interpreted productivity shock in the data. This 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 1, which evolves slowly over time
according to an accumulation equation K;11 = (1 — §) K; + I;, where J is a depreciation rate and I; is a flow
of investment.
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ordered prior to consumption in the cointegrated VAR.!® In this case the TFP shock that
contemporaneously raises consumption, 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 factors share shocks.
The y-first approach would provide no interpretable way to do so, since labor income shocks
cannot both identify TFP shocks and be contemporaneously affected by factors 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 predictable variation in excess stock market returns, suggesting risk premia vary over
time (Lettau and Ludvigson (2001), Lettau and Ludvigson (2004), Lettau and Ludvigson
(2010)). This component 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 factor, rather than to cash flows. Greenwald,

Lettau, and Ludvigson (2013) model shareholder preferences so that risk aversion varies

10T he 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 ¢ and y, since
these variables play no role in the error-correction necessary to restore ¢, a, and y, to their common long-run
trend. In this case, the permanent shocks will be a linear combination of ¢ and y, and any orthogonalization
designed to identify their independent components will depend only on the ordering of ¢ relative to .

1Recall that we apply the Cholesky decomposition to the transformed shocks Ge,, where G depends on
7', . Because the elements of « corresponding to the Ac, and Ay, equations 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 consequence, 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 ¢; or

Yt-
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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 response of ¢, a, and y to a risk aversion shock in
the model is very similar to the empirical responses reported below to our interpreted risk
aversion 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 (counterfactually) play little role in the dynamics of wealth.

2.3 Relating Structural Disturbances to Wealth Components

The econometric procedure just described is applied to the system of ¢;, a, 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 components sum up to total assets, we also include
non-housing tangible assets in this category, which are a small component comprising only
10% 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 wealth accounted for 22% of net worth, housing wealth 29%, and non-stock financial
wealth 68%.

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%. By contrast, housing wealth growth has a standard deviation of
1.65% and non-stock financial wealth growth just 0.73%. This shows that all the “action”
is in stock wealth and housing. Moreover, the correlation of the log difference in net worth,
Aay, with the log difference in stock market wealth is 90%. Quarterly changes in net worth
are dominated by fluctuations in the stock market.

To relate these wealth components to the disturbances 7p;, (permanent productivity
shock), 7py; (permanent factor shares shock) and 7y, (transitory risk aversion shock), we

estimate empirical relationships taking the form
Aziy = Ai (L) 1p1y + Bi (L) npoy + Ci (L) npy + €, (10)
where z;; represents the log level of the ith component of net worth (e.g., stock market
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wealth, non-stock market wealth, housing) and A; (L), C; (L), and C; (L) are polynomial
lag operators.'? Since 7 p1t> Npay and 1y, are mutually uncorrelated and i.i.d., we estimate
these equations for each component separately by OLS with L. = 16 quarters. Because
the disturbances np;;, 7py, and 1y, account for 100 percent of the variation in the log
of net worth, a;, the residuals ¢;; are, by construction, shocks to wealth components that
are orthogonal to a;. Hence a positive innovation in one component must be met with a
negative innovation in another component. Note, however, that the residuals ¢;; also include
log/level errors since the sums of the logs of the components do not equal the log of the sum

of components.

2.4 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):

Aziy = Ai(L)npry+ Bi(L)npoy + Ci (L) Ny + €in
= Azftl + Asz + Az;‘ft + €4

The effect on the log levels of the variables of each disturbance is obtained by summing up
the effects on the log differences (where below we drop the i subscript to denote the generic

approach):'3
t
z = 2o+ Z Az
s=1

t t ¢
= ZO—I—ZAzfl—i—ZAz?—i-ZAzST—FQ
s=1 s=1 s=1

= 2+ 2N+ 221t (11)

where T' is the sample size.

12In 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.

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

16



A similar decomposition of levels can be obtained for ¢;, a;, and y; by referring to the

relevant sub-matrices of (9):

Ariy = Diy (L)np1y+ Dig (L) npoy + Dig (L) 0y,
= Axftl + A:Eff + Amg:t,

where z;; is the ithe element of x; = (c;,as, ;) and where 52] (L) denotes the scalar
polynomial lag operator that is the ¢, 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 the first differences we again obtain the effect of each shock on

the log levels:
t
Tip = Tio+ Z Ax;
s=1

t t t

P1 P2 T

= xi0+ E Axm + E Amm + E Axi’S
s=1 s=1 s=1

P1 P2 T
= T+ T T T (12)

3 Empirical Results

3.1 Permanent and Transitory Components of Consumption, La-

bor Earnings, and Wealth

Using the permanent-transitory decomposition discussed above, 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;, Aay, and Ay, to a one-standard deviation innovation in
each structural disturbance np, , (productivity), 1p,, (factor shares) and 7y, (risk aversion).
Confidence intervals for these responses are presented in Table 8. The top panel shows that
a positive innovation in productivity, 7p; , 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 y;
to the factor shares shock, 7p,,. Consumption is unaffected by this shock, both on impact
(by assumption) and in all future period (a result). Instead, this shock drives a; and y; in

opposite directions. A positive value for this shock raises asset wealth a; and lowers labor
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income 14, 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 a, resulting from this shock are predominantly driven by the
stock market. 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 economically negligible. By contrast, the effect of a risk aversion shock on a; is
strongly significant over periods from a quarter to several years, 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 4 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 fluctuations over time, Figure
5 plots the cumulative sum over time of each 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 negative again from
the late 1970s to the early 1980s. The cumulative sum reaches a peak around the year
2000 and begins to decline thereafter, 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 25 years. Over the last 25
years, the cumulative effect of the factor shares shock has persistently boosted wealth and
persistently lowered labor earnings.

Finally, the cumulative sum of transitory 7" 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 become 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 using a bootstrapping procedure described in the
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Appendix.

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
i consumption growth is dominated by productivity shocks.

By contrast, the permanent factor shares shock explains 77% of the variance of labor
income growth in our sample. The productivity shock explains 22%. 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 dominated 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 permanent technology shocks that move the value of
labor and productive capital in the same direction. Even in models where non-technology
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% of the quarterly variation in the
growth of asset wealth is attributable to the transitory 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 annualized 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, (i) the
annualized volatility of consumption and/or labor income growth increases with the horizon
over which they are measured, or (ii) the annualized volatility of wealth growth decreases
with the horizon over which it is measured. The second possibility implies that wealth is not
a random walk, but instead displays mean-reversion and adjusts over long horizons to match
the smoothness of consumption and labor income. The evidence in Table 5 suggests that

the second possibility better describes US data than the first, signaling the existence of a
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significant transitory component in wealth that is unrelated to consumer spending and labor
income. This transitory component is a reflection of the sizable forecastable component in
stock market returns that is observed in U.S. data over medium to long horizons.'* Quarterly
wealth growth s dominated by transitory risk aversion shocks.

The decomposition used above allows the permanent component of each variable to ex-
hibit 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 tempo-
rary 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 orthogonal-
ization 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 spending 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 permanent and the EIS is close to zero. By
contrast, asset wealth is far from a random walk, with Aa,; displaying a correlation of just
31 percent with its random walk component.

The random walk component of a; 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 component in a;, these deviations could be quite sizable. Let the cyclical
component of a; be defined as the difference between the actual series a; and the random
walk component of a;. Note that this definition differs from the transitory component given
above, which is the difference between the a; 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, a, 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

2000-02 crash, the transitory component reached as high as 12.2 percent of the permanent

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

20



component of wealth. Translated into dollar amounts, this implies that wealth exceeded its
long-run level by as much $19,284 per capita in 2005 dollars. 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 2007-09 crash, the transitory component
reached as high as 29.1 percent of the permanent component of wealth. Translated into
dollar amounts, this 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 transitory 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 that 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 capable 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 unrelated to consumption.

To illustrate, we show how our decomposition would look if the data were generated by
two asset pricing models for which risk premia 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 nonlinear the
permanent /transitory decomposition can still be computed using data simulated from the
non-linear model. The decomposition therefore produces two shocks, one labeled permanent
and one labeled “transitory.” Were it not for non-linearities 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 importance 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 post-war data. On the other hand, the
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consumption innovation in this model has effects that are very similar to the first permanent
productivity shock in our decomposition.

The same calculation can be applied to the Campbell and Cochrane (1999) external
habit formation model. Campbell and Cochrane (1999), 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 amplified by
time-varying risk aversion. As for the Constantinides model, this is an endowment economy
with a single permanent shock to log consumption, ¢;. 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 non-linear
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 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 a; to the one permanent shock in the model. Consumption
jumps immediately to its new long-run level while wealth initially over-shoots its long-run
level. This temporary but persistent over-shooting 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 transitory 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 bottom panel of this figure shows, however, the orthog-
onal transitory shock represents a quantitatively small fraction of the variation in wealth,
accounting for only 16% of its fluctuations. The model is inconsistent with evidence dis-
cussed above that orthogonal transitory shocks account for the vast majority of fluctuations

in wealth.

3.2 Permanent and Transitory Shocks in Wealth Components

How do the major components of wealth respond to the structural disturbances? 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 innovation in each structural disturbance. The responses are constructed using

the OLS estimates of (10). The productivity shock has an immediate impact on all three
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components (top panel), though note the scale of these responses is much smaller than that of
the transitory shock (bottom panel). For housing, this shock is by far the most important,
especially 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 dis-
turbances are important: Over short horizons, the transitory risk aversion shock dominates
variability in stock market wealth. A one-standard deviation increase in 7y, has a large
and persistent 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 over long horizons, the factor shares shock 7p, ; also
becomes quantitatively 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 financial wealth. Figure 9 shows clearly the factors 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 earn-
ings is highlighted in Figure 10, which puts together the findings from Figures 4 and 9. A
one standard deviation increase in 7p, , leads to an immediate decline in labor earnings and
a long-run increase in stock market wealth. Both stock market wealth and 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 dis-
turbance (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% of its quarterly volatility.'> This shows
that the vast bulk of quarterly variation in stock market wealth is attributable to exogenous

risk aversion shocks. The two permanent shocks account for very small amounts, 7 and 6%

15The 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).
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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% of its variation.
Still, the risk aversion shock accounts for a non-negligible 24% of the quarterly fluctuations in
housing wealth growth in this sample. The remaining percentages for housing are accounted
for by the factor shares shock (8%) and the residual €;; (49%) in (10). The relatively large
role for the residual in driving the quarterly dynamics of the log difference of housing wealth

is likely to be at least in part attributable to a mechanical log/level error in (10).'6

3.3 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 effects on the levels of the variables. The
shocks may differ in their affects 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 ¢, a;, and y,, respectively using (12). The top panels of each
figure shows the sum of each component, or the total level of the variable. The bottom
panels show the decomposition 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.

Figure 11 shows that the movement in the log-level of consumption over time is dominated
by the movement in the level of the productivity shock. The other two shocks play virtually
no role in the determination of changes in the level of consumption. By contrast, shorter-
term fluctuations in net worth (Figure 12) are dominated by the level of the 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 factors share
shocks have influenced its level over low frequencies while the transitory risk aversion shock

plays no role. In particular, the cumulation of factor shares shocks has been a persistent

16Gince stock wealth has a much larger transitory component than has 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.
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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 significant 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 market 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). Finally, note that
housing and non-financial stock market wealth are little effected by the factor shares shock.
For these components, the quantitatively important innovation over long and short horizons
is the permanent productivity shock.

An important aspect of these results, noted above, is that the low frequency 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 25 years, the cumulative effect of this shock has persistently lowered
the level of labor earnings and persistently boosted stock market wealth. By contrast, for 20
years prior to that (from the mid 1960s to the mid 1980s), the cumulative 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. To do so, we estimate the spectrum for the log difference
in each variable 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 ¢;, 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 dominated at all fre-
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quencies by the productivity shock (top panel). The variance of labor income, on the other
hand, is dominated by factor shares shock for cycles of one to 16 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 6 and 32 quarters, the factor shares shock
and productivity shock explain about the same amount of the variance in the level of labor
earnings; for very long cycles, the productivity shock explains a little more than 60%, while
the factor shares shock explains a little less than 40%. The transitory risk aversion shock
plays no role in the variance of labor income at any cycle. Yet this shock is the most impor-
tant 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 a; is
reflected in all the major components of a;, especially at frequencies corresponding to cycles
between 2 and 40 quarters. For stock market wealth, however, the factor shares disturbance
plays an increasingly important role as the length of the cycle increases, eventually explaining
over 25% of the variance at very low frequencies, while the importance of the risk aversion
shock declines from a high of almost 90% at high frequencies to 40% 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.

3.4 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 20
years, the U.S. economy has experienced two recessions, accompanied by two asset market
“crashes.” In the “tech bust,” from March 2000 to September 2002, the S&P 500 index
declined 39%, 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, respectively. During the boom
years leading up to this contraction, the S&P 500 index rose 221% (March 1994 to March
2000) while real, per capita housing wealth rose a more modest 22%. By contrast, the
2007-09 recession was associated with a decline in stock market wealth of similar magnitude
(the S&P 500 fell 44% from September 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
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26 percent on a real, per capita basis. Prior to this crash, the S&P 500 rose 75% (September
2002 to September 2007), while housing wealth rose 38% (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 18-21 show the
same level decompositions described above, but focused on the time period of these two
episodes. The three vertical lines in each plot divide the episodes into four sub-panels, two
boom and two bust periods, with the first boom period measured from 1994:Q1-2000:Q1,
followed by a bust from 2000:Q1 to 2002:Q3, followed by a boom from 2002:Q3-2007:Q3,
followed 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 2000-02 (and the boom that
proceeded it) was almost entirely 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 transitory decreases. The boom in net
worth in the first sub-panel on the left and the decline in the second sub-panel 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), or in non-stock financial wealth
(Figure 21). The asset market downturn of 2000-02 and the boom that proceeded 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:QQ2-2007:Q3 (shown in the third sub-
panel from the left) was the result of a culmination of positive transitory shocks (negative
risk aversion shocks) that affected all three major wealth components. The asset market
crash of 2007-09, 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 sub-panel of each plot includes the level forecasts for each component, extended
out past the end of our sample, 2012:Q3. The forecasts are computed from (10) by assuming

all future innovations (past the end of our sample) are equal to their population means of zero,
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and then rolling the computation for the levels forward (see (11)). In contrast to the 2000-02
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 2009Q1 is the transitory component
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 2000-02, stock prices fell primarily because discount rates increased (implying
a transitory decline in stock wealth), while the 2007-2009 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% between 1980:QQ1 and 1982:Q4-though housing wealth deteri-
orated. 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 nega-
tive productivity shocks but not by risk aversion shocks or factor shares shocks, while the

opposite is true for stock market wealth.

4 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 decomposed the historical
variation in ¢, a, 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 characterize the dynamics of the

system with this decomposition. We have argued that the interpretations we have assigned
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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 imperfect 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 capacity 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 adjustment accurately reflects changes in capacity utilization,
our interpreted productivity shock should then not be thought of as a pure technological
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 permanent shock to contemporaneously affect
consumption, and it rules out a contemporaneous role for possible other transitory shocks
(driven by e.g., monetary or fiscal shocks) that could temporarily affect consumption growth
through a change in the expected real interest rate if the EIS is non-zero. We emphasize,
however, that if such additional shocks are present, they do not appear to quantitatively
important for consumption: both the second permanent shock and the transitory 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 Tambalotti
(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 conclude that factor-neutral technology shocks are only
one source of variation in systems of economic aggregates (see for example, King, Plosser,
Stock, and Watson (1991); Gali (1999); Christiano, Eichenbaum, and Vigusson (2004); Fisher
(2006); Smets and Wouters (2007); Justiniano, Primiceri, and Tambalotti (2009, 2010)'

I7Estimates of asset pricing models that suggest the return to human capital is negatively correlated with
stock market returns, e.g., see Chen, Favilukis, and Ludvigson (2007), and Lustig and Van Nieuwerburgh
(2008).
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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
earnings, 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 impor-
tant fraction of inflation variation, as in Galf 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 factors share and TFP shocks.

We have shown above that the transitory risk aversion shock is unrelated to consumption
or labor income. Even if our interpretation of this shock as risk aversion disturbance exoge-
nous to consumption is largely correct, it does not follow that it must be unrelated to other
measures of real activity, such as investment. A simple Q-theory of investment 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 investment 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 investment 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 implied by an OLS regression of investment on distributed lags of np, 4, 1pe,, and 9y,
as in (11). An increase in the transitory shock raises all four types of investment (private
investment, nonresidential investment, 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 increase

in the permanent productivity shock has a positive effect on all investment categories. This

30



is not surprising since a positive productivity shock increases the expected value of marginal
profits (cash-flows), and therefore optimal investment in a () 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 markups, as discussed next.

Let us now entertain several possible theoretical explanations for the second permanent
shock that offer potential refinements of our interpretation. One could involve “uncertainty”
shocks of the type considered by Bloom (2009). A positive uncertainty shock makes the
distribution of future dividends right-skewed and raises the price-dividend ratio (Pastor and
Veronesi, 2006). At the same time, macroeconomic researchers have explored the interactions
of financial frictions with increases 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 interacting with financial frictions lead to a reduction in
investment, as in Gilchrist, 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 aggregate uncertainty
over different forecast horizons of h periods. Two different measures capture uncertainty
across a large number of economic indicators: common firm-level uncertainty factors, and
common macro uncertainty factors. The first measures common variation in forecast 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
22 shows the dynamic 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 distrib-
uted lags of 1py 4, Mpay, and 77, as in (11). The top panel shows that common firm-level
uncertainty does rise in response to our second permanent shock. The bottom panel shows
a more muted response for the macro uncertainty measures. These results hint at a possible
role for uncertainty shocks in driving the second permanent shock that shifts factors shares,
but more work is needed to fully flush out this link.

The factor shares shock could instead be the result of directed technological change.
Researchers have postulated models of directed technological change to explain why the

returns to some factors deviate persistently from others (e.g., Acemoglu, 2002). This suggests
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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 25 years,
while technological change biased in favor of labor and against capital might explain the
converse over the 20 years prior.

The factors 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 frequencies, 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 factors share shock. Given the cumulative values of the
factor shares shock displayed in Figure 5, this interpretation implies that the economy has
become much less competitive in the last 25 years.

We close this discussion by noting one aspect of the data on consumption, asset wealth,
and labor income that has changed over time and that makes the statistical interpretation of
the model more ambiguous today than it has been in the past: the estimated cointegrating
residual cay; has become much more persistent. This can be seen in the half-life to the
transitory shocks that affect a;. In Lettau and Ludvigson (2004), these shocks were estimated
to have a half-life of 3 years; in this update of the data, they have a half-life of 4 years.
Thus deviations from the common trend for these variables are more long-lasting, and the
forecastable component of asset returns operative at longer horizons, 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 specification,
although it should be stressed that we still find no evidence against the null of cointegration
among ¢, a;, and y;, even in these most recent data. There are well known difficulties in
finite samples with distinguishing 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 ¢;, 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
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is non-stationary (where stationarity follows from a Taylor approximation to the equation
defining the log stock return), no reasonable model would imply that ¢, a, and y are not
cointegrated, or equivalently 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 ¢ and y have never been even weakly forecastable by cay; (even in samples
where the latter was much less persistent), 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. Of course,
this reasoning rules out rational bubbles. But bubbles create volatility in asset values without
creating predictability in returns, and we’ve shown elsewhere (again in samples where cay,
was reliably stationary from a statistical standpoint) that almost all of the variation in Aa,
is attributable to forecastable variation in excess returns. Every major asset crash in our
post-war sample has been preceded by an unusually low level of cay;, and an unusually high
value for the cyclical component of a.

One possible explanation for this shift in the estimated persistence of cay; is that there
has been a structural change in the long-run relationship among ¢, a, and y, as there has
been for the mean of the log dividend-price ratio, which appears to have shifted downward in
the last 15 years. If such a shift has occurred for cay; but we have ignored it, (so that we as
econometricians mix data from, e.g., two regimes), the estimated cointegrating residual could
appear close to a unit root, even though it is actually stationary in each regime. We argue
that reasonable economic models can produce structural changes in the long-run relationship
among ¢, a, and y, even if they would not imply the absence of such a relationship. We intend

to investigate these possibilities in the future work.

5 Conclusion

In this study we have decomposed the post-war variation in consumption, labor income, and
household wealth into components driven by three mutually orthogonal structural distur-
bances. 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 aversion shock.
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We find that the productivity shock underlies the vast bulk of quarterly fluctuations in
consumption growth; the factor shares shock underlies the vast bulk of quarterly fluctuations
in labor income growth, and the risk aversion shock underlies the vast bulk of quarterly
fluctuations in asset wealth growth. The first finding is straightforward to reconcile with
canonical, dynamic stochastic general equilibrium models, but the last two present more
of a challenge. Quarterly labor income 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
25 years, the cumulative effects of such shocks have persistently boosted shareholder wealth
and persistently lowered worker income. Short-run fluctuations in wealth, on the other hand,
are dominated 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
approximations of the theoretical concepts we wish to measure, and because we must al-
ways 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 10 years, labor’s share has plummeted (reaching an historic

low by the end of our sample) while stock prices relative to measures of fundamental value
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have exhibited a structural break upward.!® We argue that any economic model must fit
these twin facts, which suggest the rewards from production have shifted over time, most
recently away from workers, toward shareholders. Models of competitive labor markets where
factors of production earn constant income shares are unlikely to fit this fact.

Third, household wealth is about five times as volatile as consumption 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 related to
future excess stock market returns, suggests that the compensation 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
forecastable excess stock market returns, or that do so by generating an endogenous change

in risk-premia from a shock to consumption are unlikely fit this fact.

BFor evidence of the upward break in the price-dividend ratio for the U.S. stock market, see Lettau,
Ludvigson, and Wachter (2008); Lettau and Van Nieuwerburgh (2008).
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Appendix

Data Description

BLS LABOR SHARE

BLS Labor Share is the share of income paid to labor in the nonfarm business sector.
The series is an index normalized to be 100 in 2005. Our source is the Bureau of Labor
Statistics.

CONSUMPTION

Consumption is measured as either total personal consumption expenditure or expen-
diture on nondurables and services, excluding shoes and clothing. The quarterly data are
seasonally adjusted at annual rates, in billions of chain-weighted 2005 dollars. The com-
ponents are chain-weighted together, and this series is scaled up so that the sample mean
matches the sample mean of total personal consumption expenditures. Our source is the
U.S. Department of Commerce, Bureau of Economic Analysis.

AFTER-TAX LABOR INCOME

After-tax labor income is defined as wages and salaries + transfer payments + employer
contributions for employee pensions and insurance - employee contributions for social insur-
ance - taxes. Taxes are defined as | wages and salaries/(wages and salaries + proprietors’
income with IVA and Ccadj + rental income + personal dividends + personal interest in-
come)| times personal current taxes, where IVA is inventory valuation and Ccadj is capital
consumption adjustments. The quarterly data are in current dollars. Our source is the
Bureau of Economic Analysis.

POPULATION

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

WEALTH

Total wealth is household net worth in billions of current dollars, measured at the end of
the period. A break down of net worth into its major components is given in the table below.
Stock market wealth includes direct household holdings, mutual fund holdings, holdings
of private and public pension plans, personal trusts, and insurance companies. Nonstock
wealth includes tangible/real estate wealth, nonstock financial assets (all deposits, open
market paper, U.S. Treasuries and Agency securities, municipal securities, corporate and

foreign bonds and mortgages), and also includes ownership of privately traded companies
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in noncorporate equity, and other. Subtracted off are liabilities, including mortgage loans
and loans made under home equity lines of credit and secured by junior liens, installment
consumer debt and other. Wealth is measured at the end of the period. A timing convention
for wealth is needed because the level of consumption is a flow during the quarter rather
than a point-in-time estimate as is wealth (consumption data are time-averaged). If we
think of a given quarter’s consumption data as measuring spending at the beginning of the
quarter, then wealth for the quarter should be measured at the beginning of the period.
If we think of the consumption data as measuring spending at the end of the quarter,
then wealth for the quarter should be measured at the end of the period. None of our
main findings discussed below (estimates of the cointegrating parameters, error-correction
specification, or permanent-transitory decomposition) are sensitive to this timing convention.
Given our finding that most of the variation in wealth is not associated with consumption,
this timing convention is conservative in that the use of end-of-period wealth produces a
higher contemporaneous correlation between consumption growth and wealth growth. Our
source is the Board of Governors of the Federal Reserve System. A complete description of
these data may be found at http://www.federalreserve.gov /releases/Z1/Current/.

PRICE DEFLATOR

The nominal after-tax labor income and wealth data are deflated by the personal con-
sumption expenditure chain-type deflator (2005=100), seasonally adjusted. In principle, one
would like a measure of the price deflator for total flow consumption here. Since this variable
is unobservable, we use the total expenditure deflator as a proxy. Our source is the Bureau
of Economic Analysis.

INVESTMENT

Investment is fixed private investment, seasonally adjusted in chain-weighted 2005 dollars.
Our source is the Bureau of Economic Analysis.

INVESTMENT - NONRESIDENTIAL

Nonresidential investment is fixed private non-residential investment, seasonally adjusted
in chain-weighted 2005 dollars. Our source is the Bureau of Economic Analysis.

INVESTMENT - EQUIPMENT AND SOFTWARE

Investment in equipment and software is fixed private non-residential investment in equip-
ment and software, seasonally adjusted in chain-weighted 2005 dollars. Our source is the
Bureau of Economic Analysis.

INVESTMENT - STRUCTURES
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Investment in structures is fixed private non-residential investment in structures, sea-
sonally adjusted in chain-weighted 2005 dollars. Our source is the Bureau of Economic

Analysis.

Table A.1: Flow of Funds Balance Sheet

Assets $200,619 | Liabilities $41,709
Tangible Assets Mortgages $30,551
Real Estate $49,175 | Consumer Credit $7,447
Other $19,389 | Other $3,860

Financial Assets

Corporate Equity $46,289
Deposits $23,207
Credit Market Instruments  $12,865
Other (incl. pension funds)  $49,691 | Net Worth $158,909

Notes: Data for the year 2010:Q2. Source: Flow of Funds, Board of Governors of the Federal Reserve.
“Other” includes all types of assets (held in or out of pension funds) that are not corporate equity (held
directly or indirectly) or credit market instruments. Of these, assets other than corporate equity held indi-
rectly in pension funds and other funds (eg mutual funds) is the largest component. Equity in noncorporate
businesses is another large component which includes also the net value of rented homes (tenant occupied

housing.).

Cointegration Tests

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

We report results below for tests of the null of deterministic cointegration (estimated
cointegrating vector eliminates both the deterministic and stochastic trends). The method-
ology follows Park (1990), Park (1992), Han and Ogaki (1997), and Ogaki and Park (1997).
The cointegrating regression is the form: ¢; = cons + 8,a; + B,y: + ;. The H (0,1) test
statistic tests the hypothesis v; = 0 in the regression:

¢ =ctmnt+ B,y + Baa; £ (13)
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“k” denote their transformed values based on the “canonical cointe-

where variables with a
grating regressions,” e.g.,

c; = ¢+ deey,

and similarly for y; and a;. The parameters d., etc., are real numbers. Since the cointegrating
residual ¢, is stationary, ¢, a; and y; are cointegrated with the same cointegrating vector
as ¢, a; and 1. The parameters d. etc., are selected so that ¢;, etc., are uncorrelated with

“variable additive

disturbances of the regression in the long-run, implemented by using the
method” of Park (1990). These parameters depend on the OLS estimate of the cointegrating
vector and the long-run autocovariance function of &;, @ = >7° _ E[ee; ;]. The null
hypothesis of deterministic cointegration is a test based on the H (0, 1) test statistic of the
hypothesis 7, = 0; hence a rejection of v; = 0 is a rejection of this null. Table A.2 below
provides test results for the sample 1952:Q1-2012:Q3. The p-value for the H (0,1) test
statistic, reported in parentheses, is the probability of obtaining a value for the statistic at
least as extreme as the one observed if the null of cointegration is true. Therefore a rejection
of the null at the 5% would be warrented if this value were less than 0.05. The H (0, 1) test

statistic provides no evidence against the null of deterministic cointegration.

Table A.2: Canonical cointegrating regression results

Baa ﬂya H(O, 1)b
0.1744  0.7309 0.2009
(0.0471)  (0.0526) (0.6540)

Park and Ogaki’s (1991) VAR prewhitening method with Andrew’s (1991) automatic bandwidth pa-
rameter estimator was used to estimate long-run covariance parameters. The parameters ﬁa and ﬁyare

estimated cointegrating parameters on @ and Y, respectively.
“Standard errors are in parentheses.
b2 test statistic with one degree of freedom for the deterministic cointegration restriction. P-values are

in parentheses.
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Standard Errors for Impulse Response Functions and Variance De-

compositions

This appendix explains the computation of 95% confidence intervals for the impulse response
functions and variance decompositions given in the text in response to the structural dis-
turbances. The confidence intervals are generated from a bootstrap as described in Gonzalo
and Ng (2001). The procedure is as follows. First, the cointegrating vector is estimated, and
conditional on this estimate, the remaining parameters of the VECM are estimated. The
fitted residuals from this VECM, ¢, are obtained and a new sample of data is constructed
using the initial VECM parameter estimates by random sampling of €; with replacement.
Given this new sample of data, all the parameters are reestimated, holding fixed the number
of cointegrating vectors, and the impulse responses and variance decompositions stored. This
is repeated 5,000 times. The empirical 95% confidence intervals are evaluated from these
5,000 samples of the bootstrapped impulse response functions and variance decompositions

are presented in the text.
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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 quarter of 2012.



Table 2: VECM

Dependent variable Equation

ACt Aat Ayt

cayi—1 0.01 0.20 0.05
(0.94) (2.33) (1.71)
Aci 4 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)

Aay_q 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 variable; t-statistics are in parentheses. Estimated coefficients that are significant
at the 5% level are highlighted in bold face. The term ¢, — &,a; — Qyy; = &' x; is the estimated cointegrating
residual. The sample spans the fourth quarter of 1951 to the third quarter quarter of 2012.



Table 3: Labor Income Growth Regressions

Dependent Variable: Ay,

Independent Variables: Ay; 1 ATFP, ALSSY ALSPLS 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)

) -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 dataset (source: Sydney Ludvigson). ATF P, is TFP growth (source: FRBSF /Fernald).
ALSEYT is log labor share growth, where labor share is measured as (compensation)/(compensation + profit).
Compensation 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).
ALSBLS is log labor share growth, where labor share is the series “Nonfarm Business Sector: Labor Share”
obtained from the BLS via FRED (series: PRS85006173). The sample spans the period 1952:Q3 to 2012:Q2



Table 4: Wealth Components

Net Worth Assets Liabilities Stock Wealth Housing Non-stock Fin.

Share in Net Worth

1951Q4-2012Q2 1.00 1.16 0.16 0.22 0.29 0.65
1951Q4-1961Q4 1.00 1.10 0.10 0.18 0.25 0.67
1999Q3-2012Q2 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 0.47
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.



Table 5: Variance Decomposition

Variable Prod. Shock Fact. Shares Shock Risk Aversion Shock
ACt+1 — EtACt+1 100% 0% 0%
(100%, 100%) (0%, 0%) (0%, 0%)
Ay — E Ay 16% 84% 0%
(11%, 23%) (77%, 89%) (0%, 0%)
Aat+1 — EtAat+1 7% 0% 93%
(4%, 11%) (0%, 1%) (88%, 96%)
ACt+OO — EtACt-f—oo 93% 1% 6%
(87%, 96%) (0%, 4%) (3%, 11%)
AYiyoo — By AY4 o0 22% 7% 1%
(16%, 28%) (70%, 83%) (0%, 3%)
Aat+oo — EtAat+oo 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% confidence intervals are in parentheses. The sample spans the fourth quarter of 1951 to the third quarter
quarter of 2012.



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 constructed from the permanent/transitory identification of shocks. The sample spans the
fourth quarter of 1951 to the third quarter quarter of 2012.



Table 7: Wealth Components: Variance Decomposition

Wealth Component Prod. Shock Fact. Shares Shock Risk Aversion Shock Residual

Net Worth 8% 4% 88% 0%
Stock Mkt. Wealth ™% 6% 74% 13%
Housing 20% 8% 24% 49%
Non-Stock Fin. Wealth 19% % 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 h = oo 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 quarter of 2012.



Table 8: Impulse Response Function with 90% Confidence Intervals

Horizon Consumption
h Prod. Shock Fact. Shares Shock Risk Aversion Shock
1 0.401 (0.371, 0.424)  0.000 ( 0.000, 0.000)  0.000 (0.000, 0.000)
2 0.696 (0.600, 0.770)  0.044 (-0.011, 0.093)  0.177 (0.108, 0.234)
4 0.725 (0.618,0.831)  0.016 (-0.056, 0.078)  0.172 (0.097, 0.237)
8 0.731 (0.628, 0.852)  -0.011 (-0.096, 0.064)  0.149 (0.075, 0.220)
16 0.735 (0.633, 0.868) -0.034 (-0.132, 0.056)  0.128 (0.056, 0.207)
oo 0.761 (0.650, 1.041)  -0.171 (-0.386, 0.004)  0.006 (0.000, 0.113)

Horizon Labor Income
h Prod. Shock Fact. Shares Shock Risk Aversion Shock
1 0.353 (0.264, 0.434)  0.788 (0.717, 0.838) 0.000 (0.000, 0.000)
2 0.684 (0.533,0.821)  0.725 (0.623, 0.808) 0.154 (0.061, 0.242)
4 0.715 (0.558, 0.878)  0.701 (0.591, 0.790) 0.154 (0.064, 0.241)
8 0.721 (0.568, 0.895)  0.677 (0.558, 0.773) 0.134 (0.052, 0.220)
16 0.725 (0.575,0.907)  0.657 (0.526, 0.765) 0.115 (0.040, 0.203)
oo 0.748 (0.601, 1.045)  0.534 (0.316, 0.718) 0.005 (0.000, 0.096)

Horizon Net Worth
h Prod. Shock Fact. Shares Shock Risk Aversion Shock
1 0.546 (0.396, 0.712)  -0.006 (-0.199, 0.166)  2.035 (1.847, 2.160)
2 0.834 (0.503, 1.262)  -0.423 (-0.812, -0.098)  2.369 (1.925, 2.681)
4 0.915 (0.583, 1.575)  -0.791 (-1.377,-0.268)  2.054 (1.434, 2.545)
8 0.976 (0.626, 1.852)  -1.108 (-1.866, -0.380)  1.770 (1.036, 2.444)
16 1.029 (0.646, 2.102)  -1.382 (-2.265, -0.470)  1.526 (0.742, 2.370)
oo 1.341 (0.669, 4.454)  -3.012 (-5.232, -1.172)  0.067 (0.001, 1.487)

Notes: This table reports impulse response functions of consumption, labor income and net worth. Bootstrapped
90% confidence intervals are in parentheses. The sample spans the fourth quarter of 1951 to the third quarter
quarter of 2012.



Figure 1: BLS Labor Share
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Notes: The figure plots the labor share constructed by the Bureau of Labor Statistics. The series is
normalized to 100 in 2005Q1. The sample is 1952:Q1 to 2012:Q3.
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Figure 2: Productivity Shock and TFP Shock
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Notes: The figures shows 4-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.



Figure 3: Impulse Response Functions in RBC Model
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Notes: Percentage response of consumption, capital and labor income, corresponding to a 1% technol-
ogy shock in a model with fixed labor supply (normalized to one), specified in the following equations:
Vi = ACK} Ky = (10K +Y; — Cy; C 7 = BEAC, 1 Riy1}; ar = par—1 + €. Lowercase letters
denote log levels. wy is log labor income (equal to real wage since labor supply is fixed at unity), ¢; is
log real consumption and k; is log capital. The parameter values are set as follows: ¢ =1, r = 0.015,

g = 0.005, a = 0.667, 6 = 0.025 and o = 1/~.



Figure 4: Impulse Response Functions
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Notes: The figure plots impulse response functions. The sample is 1952:Q1 to 2012:Q3.



Figure 5: Cumulative Shocks
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Notes: The figure plots cumulative permanent and transitory shocks identified by the PT decomposi-

tion. The sample is 1952:Q1 to 2012:Q3.



percent of random walk component

Figure 6: Cyclical Component of Net Worth
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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.



Figure 7: PT Decomposition of Constantinides Habit Model
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Notes: The figure plots impulse response functions of consumption and wealth to permanent 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.



Figure 8: PT Decomposition of Campbell Cochrane Habit Model
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Notes: The figure plots the impulse response functions of consumption and wealth to permanent and
transitory shocks computed from simulated data of the Campbell and Cochrane (1999) habit model.
The numbers in the legend are the fraction of the forecast error variance explained by the permanent

and transitorv shocks.



Figure 9: Impulse Response Functions
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Notes: The figure plots impulse response functions of wealth components to permanent and transitory

shocks. The sample is 1952:Q1 to 2012:Q3.



Figure 10: Impulse Response Functions to Factor Shares Shock Shock
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Notes: The figure plots impulse response functions of stock market wealth and labor income to a

factor shares shock shock. The sample is 1952:Q1 to 2012:Q3.



Figure 11: VECM Level Decomposition - Consumption
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Notes: The figure shows the decomposition of the log level of consumption 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.
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Figure 12: VECM Level Decomposition - Net Worth
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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.



Figure 13: VECM Level Decomposition - Labor Income

Sum of Shocks = VECM
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Notes: The figure shows the decomposition of the log level of labor income 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.
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Figure 14: Level Decomposition

Permanent Productivity Shock — OLS Shocks
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Notes: The figure shows the decomposition of the log level of stock wealth, housing wealth, and non-

stock

financial wealth 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.



Figure 15: Decomposition of Labor Income and Stock Market Wealth

Effect of Factor Shares Shock on Labor Income and Stock Market Wealth
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Notes: The figure shows the component of the log levels of stock market wealth and labor income that
is attributable the cumulative effects of the factor shares shock, over time. Both series are divided by

their standard deviations. The sample is 1952:Q1 to 2012:Q3.



Figure 16: Decomposition of Spectra
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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 (1 —exp(iw)) 1 Sas.

The sample is 1952:Q1 to 2012:Q3.



Figure 17: Decomposition of Spectrum
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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 (1 —exp(iw)) 1 Sas.

The sample is 1952:Q1 to 2012:Q3.



Figure 18: VECM Level Decomposition - Net Worth: Subsample 1994:Q1-2012:Q3
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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 for the 1994:Q2-2000:Q4 subsample. The vertical
lines divide the sample into two boom periods (1994:Q2 to 2000:Q1 and 2002:Q4 to 2007:Q3) and two
bust periods (2000:Q2 to 2002:Q3 and 2007Q4 to 2012:Q3). A linear time trend is removed.



Figure 19: OLS Level Decomposition - Stock Market Wealth: Subsample 1994:QQ1-2012:QQ3
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Notes: The figure shows the decomposition of the log level of stock market wealth into components
driven by the productivity, factor shares, and risk aversion shocks for the 1994:Q2-2000:Q4 subsample.
The vertical lines divide the sample into two boom periods (1994:Q2 to 2000:Q1 and 2002:Q4 to
2007:Q3) and two bust periods (2000:Q2 to 2002:Q3 and 2007Q4 to 2012:Q3). A linear time trend is
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Figure 20: OLS Level Decomposition - Housing Wealth: Subsample 1994:Q1-2012:QQ3
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Notes: The figure shows the decomposition of the log level of housing wealth into components driven
by the productivity, factor shares, and risk aversion shocks for the 1994:Q2-2000:QQ4 subsample. The
vertical lines divide the sample into two boom periods (1994:Q2 to 2000:Q1 and 2002:Q4 to 2007:Q3)
and two bust periods (2000:Q2 to 2002:Q3 and 2007Q4 to 2012:Q3). A linear time trend is removed.



Figure 21: OLS Level Decomposition - Non-Stock Financial Wealth: Subsample 1994:Q1-2012:Q3
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Notes: The figure shows the decomposition of the log level of non-stock financial wealth into com-

ponents driven by the productivity, factor shares, and risk aversion shocks for the 1994:QQ2-2000:Q4
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Figure 22: IRF of Investment to Shocks
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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.



Figure 23: IRF of Uncertainty to Factor Shares Shock
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Notes The figure plots impulse responses of different measures of aggregate uncertainty from Jurado,
Ludvigson, and Ng (2013) in response to the factor shares shock. The top panel plots the response
of common firm-level uncertainty factors for uncertainty horizons h=1 quarter and h=4 quarters.
The bottom panel plots the response of common macro uncertainty factors for the same uncertainty

horizons.





