NBER WORKING PAPER SERIES

SHOCKS AND CRASHES

Martin Lettau
Sydney C. Ludvigson

Working Paper 16996
http://www.nber.org/papers/w16996

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
April 2011

The authors are grateful to seminar participants at UC Berkeley Haas, Columbia GSB, Stanford GSB,
and to Mark Gertler, Yuriy Gorodnichenko, Giorgio Primiceri, Eduard Schaal, and Gianluca Violante,
for helpful discussion. We thank David Kohn, Peter Gross, and Michael Weber for excellent research
assistance. The views expressed herein are those of the authors and do not necessarily reflect the views
of the National Bureau of Economic Research.

NBER working papers are circulated for discussion and comment purposes. They have not been peer-
reviewed or been subject to the review by the NBER Board of Directors that accompanies official
NBER publications.

© 2011 by Martin Lettau and Sydney C. Ludvigson. All rights reserved. Short sections of text, not
to exceed two paragraphs, may be quoted without explicit permission provided that full credit, including
© notice, is given to the source.



Shocks and Crashes

Martin Lettau and Sydney C. Ludvigson
NBER Working Paper No. 16996

April 2011

JEL No. E10,E21,E27,E44,G12,G17

ABSTRACT

Three shocks, distinguished by whether their effects are permanent or transitory, are identified to characterize
the post-war dynamics of aggregate consumer spending, labor earnings, and household wealth. The
first shock accounts for virtually all of the variation in consumption and has effects akin to a permanent
total factor productivity shock in canonical frictionless macroeconomic models. The second shock
underlies the bulk of fluctuations in labor income, accounting for 76% of its variation. This shock
permanently reallocates rewards between shareholders and workers but leaves consumption unaffected.
Over the last 25 years, the cumulative effect of this shock has persistently boosted stock market wealth
and persistently lowered labor earnings. The third shock is a persistent but transitory innovation that
accounts for the vast majority of quarterly fluctuations in asset values but has a negligible impact on
consumption and labor earnings at all horizons. We show that the 2000-02 asset market crash was
the result of a negative transitory wealth shock, which predominantly affected stock market wealth.
By contrast, the 2007-09 crash was accompanied by a string of large negative realizations in both the
transitory shock and the permanent productivity shock, with the latter having especially important
implications for housing wealth.

Martin Lettau

Haas School of Business
University of California, Berkeley
545 Student Services Bldg. #1900
Berkeley, CA 94720-1900

and NBER
lettau@haas.berkeley.edu

Sydney C. Ludvigson
Department of Economics
New York University

19 W. 4th Street, 6th Floor
New York, NY 10002

and NBER
sydney.ludvigson@nyu.edu



1 Introduction

For generations macroeconomic theorists have postulated models of the economy wherein a
few primitive shocks drive fluctuations in aggregate variables. A key aspect of theoretical
inquiry concerns the extent to which the presumed primitive shocks generate aggregate
fluctuations in the model that are consistent with historical dynamics. In this paper, we use
the restrictions implied by cointegration to decompose the historical dynamics of aggregate
consumer spending, labor earnings, and household wealth into components driven by three
structural disturbances. Two of the disturbances we identify have permanent effects on the
variables in the system, while the third has persistent but transitory effects.

The shocks we identify are distinguished by their degree of persistence, and so do not in
general correspond to the primitive shocks in economic models. Nevertheless we show that
identification can be achieved by choosing one of the shocks in a way that associates it with
a familiar economic mechanism, namely a factor-neutral productivity shock that raises or
lowers the value of all productive capital and labor input. This shock has a long-run effect
on consumption, labor earnings and wealth, in a manner akin to a permanent total factor
productivity (TFP) shock in canonical frictionless macroeconomic models. A positive value
for this shock quickly raises consumption to a new trend level and accounts for the virtually
all of its fluctuations. We refer to this shock as a permanent productivity shock.

The two remaining shocks we identify are more difficult to reconcile with modern macro-
economic theories, but are nevertheless quantitatively important in the data. Indeed, we find
that one or the other of these remaining shocks accounts for the bulk of post-war fluctuations
in labor earnings and household wealth. The second shock is a permanent disturbance that
moves labor earnings and wealth in opposite directions but leaves consumption unaffected.
A positive value for this shock raises stock market wealth and lowers labor income. This
shock accounts for 76% of the quarterly fluctuations in labor income in our post-war sample.
We refer to this shock as a permanent reallocation shock.

The third shock is a persistent but transitory innovation that accounts for the vast
majority of 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 small effects on other components of wealth, such as non-stock market financial wealth,

and housing. The shock has a half life of over three years and explains 89% of the quarterly



variation in household net worth. We call this shock a transitory wealth shock.

We emphasize two aspects of the results. First, over the last 25 years, the cumulative
effect of the second permanent shock has persistently boosted stock market wealth and
persistently lowered labor earnings. Moreover, 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). This permanent disturbance—which underlies the bulk of
quarterly post-war labor income fluctuations—cannot be explained by modern macroeconomic
theories in which trend movements in labor income are driven by trend movements in factor-
neutral productivity shocks that move the values of labor and productive capital in the same
direction.

Second, the transitory wealth shock is difficult to reconcile with modern macroeconomic
models because such models typically make no allowance for large transitory fluctuations
in wealth. But this finding is also a challenge for consumption-based asset pricing models
capable of explaining important features of stock market data. These models are consistent
with the existence of a large transitory component in wealth, but they cannot account for
our finding that this component is unrelated to consumption.

Of course, some economic models macroeconomists used to interpret aggregate dynamics
have fewer than three primitive shocks, the number of empirical disturbances identified here.
Canonical real business cycle models, for example, have fluctuations that are driven by a
single permanent (or near permanent) productivity shock. Such a shock has effects that are
very similar to the first permanent structural disturbance we identify. But the econometric
methodology we employ also identifies two additional shocks. In principle, the presence of
these additional shocks could be consistent with the model if they represented a negligible
fraction of economic fluctuations. We find, however, that their quantitative importance is
substantial, suggesting that work-horse macroeconomic models of this type are unlikely to
explain important features of the post-war experience.

How does the recent behavior of these shocks relate to the observed volatility in asset
values and the real economy in recent business cycle episodes? During the last 20 years, the
U.S. economy has experienced two recessions, accompanied by two asset market “crashes.”
We find that the asset market crashes of 2000-02 and 2007-09 were quite different in terms
of the role each shock played in these downturns. The asset market downturn of 2000-02



(and the boom that proceeded it) was almost entirely the result of a string of transitory
wealth shocks, the culmination of which ultimately restored wealth to its common trend
with consumption and labor income through a downward correction in the stock market.
Housing, consumption, and labor earnings were little affected by these transitory shocks,
consistent with the historical pattern.

By contrast, the asset market crash of 2007-09 was characterized by large negative roles
for both the transitory shock and the permanent productivity shock, with the latter having
especially important affects on housing wealth. Moreover, in contrast to the 2000-02 experi-
ence, the model forecasts imply persistently low values for home prices going forward from
the end of our sample (2010:QQ2), the result of a string of negative draws to the permanent
productivity shock since 2007. At the same time, the rebound in the stock market since
2009 can be traced to a string of transitory innovations. As of the third quarter of 2010,
the cumulative effect of these transitory innovations on stock market wealth has once again
driven household net worth to values significantly above its long-run level.

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, Eichenbaum, and Vigusson (2004); Fisher
(2006); Smets and Wouters (2007); Justiniano, Primiceri, and Tambalotti (2009, 2010). We
discuss how our findings relate to (and differ from) these studies in Section 5. The study that
is 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 two 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 an additional identifying restriction on the dynamics of consumption, described
below. Second, 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. We do so here, and provide a decomposition of

their effects on the levels of aggregate variables both historically and in the two most recent



asset market downturns.

The rest of this paper is organized as follows. Section 2 discusses the data and explains
our econometric methodology for identifying the permanent and transitory components of
consumption, labor earnings, and wealth. The objective of this methodology is to choose
identifying restrictions in such a way that permits one of the three structural disturbances to
have effects we would expect of a permanent, factor neutral TFP shock. We may then ask two
questions of the remaining non-productivity shocks: first, how quantitatively important are
they, and second, what kind of effects do they have? Section 3 presents the main econometric
results from applying this methodology to the full post-war sample. Section 4 contrasts the
two boom-bust cycles in asset markets that occurred in the last 15 years as they pertain to
the role of the economic disturbances we identify. Section 5 concludes with a discussion of
how these findings are both related to, and differ from, studies of the stochastic origins of
business cycles. It also provides a discussion of the possible economic mechanisms that may
underly the quantitatively important post-war behavior of labor income and household net

worth that we document here in response to the two non-productivity shocks in our system.

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 cointegration among 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; = (¢, as,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

4



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

! Durables expenditures are also excluded in the

accounted for as part of consumption.
definition of flow consumption, C}, because they represent replacements and additions to
a capital stock (investment), rather than a service flow from the existing stock. However,
the total flow of consumption is unobservable because we lack observations on the service
flow from much 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, 1, is also measured in real,
per capita terms. Our data are quarterly and span the first quarter of 1952 to the second
quarter of 2010. Table 1 presents descriptive statistics for the log differences Ac;, Aay, Ay;.
Wealth growth is 4.9 times as volatile as consumption growth and is 2.45 times as volatile
as labor income growth in quarterly data.

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.

Identification of the structural disturbances is achieved in three steps, discussed in detail
below. First, cointegrating restricts the long-run multipliers of the structural form shocks;
this identifies the space spanned by the permanent shocks. Second, the transitory innovation
is assumed to be orthogonal to the permanent innovations, which identifies the transitory
shock. Third, the independent effects of the two permanent shocks are distinguished by
restricting the contemporaneous responses of ¢; to the structural disturbances, in a manner

that can be motivated by a canonical frictionless real business cycle model with permanent

!Treating 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.)



shocks to total factor productivity.

Although statistical tests are supportive of a single trivariate cointegrating relation be-
tween ¢, a;, and y;, 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. These ratios may not contain trends in population
and economic theory would typically imply that such ratios are stationary. Nevertheless
we 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 sam-
ple. Campbell and Perron argue that treating the data in accordance with the stationarity
properties inferred from unit root/cointegration tests results in better finite sample approx-
imations of test statistics than 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.

The procedure for identifying structural disturbances based on cointegration restrictions
follows Gonzalo and Ng (2001) and is closely related to that in King, Plosser, Stock, and
Watson (1991), Gonzalo and Granger (1995). This procedure has several steps, the first of
which require estimation of the cointegrating relationship(s) and the vector-error-correction
model (VECM) for the cointegrated system. We present these results next.

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 = [, e, Ye]" as a = (1, —ay, —ay)'.

The cointegrating parameters o, and «, are estimated using dynamic least squares, which
generates “superconsistent” estimates of o, and «, (Stock and Watson, 1993).2 We estimate
a = (1,—-0.22,—-0.67)". The Newey and West (1987) corrected t-statistics for these estimates

are 20 and 56, respectively.?

2We 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.

3Lettau and Ludvigson (2001) and Lettau and Ludvigson (2010) discuss the magnitude of these coefficients
and show that they are roughly in accord with what would be predicted from commonly calibrated production
functions with labor and capital shares of approximately one third and two thirds.



The VECM representation of x; takes the form
Ax; = v +ya'x1 + T(L)AX, | + 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, —Q,, —ay)’ is
the (3x1) vector of previously estimated cointegrating coefficients.* The term &'x;_; gives
last period’s equilibrium error, or cointegrating residual; - is 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 2.5 The
estimates of the adjustment parameters in « are given in the first row of Table 2. An
important result is that consumption and labor income are somewhat predictable by lagged
consumption and wealth growth, but not by the cointegrating residual &'x; ;. Estimates of
7Y, and 7, are economically small and insignificantly different from zero. By contrast, the
cointegrating error is an economically large and statistically significant determinant of next
quarter’s wealth growth: v, is estimated to be 0.27, with a t-statistic equal to 2.7.° Although
there is some short-run predictability in the growth of consumption and labor income (as
exhibited by the dependence of these variables on lagged growth rates), the results imply
that only wealth exhibits error-correction behavior. Wealth is mean reverting and adapts

over long-horizons to match the smoothness in consumption and labor income.

2.2 Identification of Permanent and Transitory Shocks

The general identification problem is described as follows. The individual series are presumed

to have a reduced-form multivariate Wold representation:

Ax, = 6+ C(L)e,

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 /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 ¢;.



where e; 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).

We seek to identify n = 3 transformed, or structural-form, innovations distinguished by
whether they have permanent or transitory effects. Denote these transformed innovations
M = (Mp1ssMpas M), Where two are permanent and one is transitory. Without loss of
generality, shocks are ordered so that the first two have permanent effects (np,, and 1p,,
respectively), and the third transitory effects (77;). We will refer to these shocks inter-
changeably as P1, P2, and T', respectively.

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

Tim DE,(xi11) /0 7 0. (2)

Conversely, a shock is transitory if
lim O, (x1.1)/ g, = 0. 3)

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, once a decomposition based on the
above definition is obtained, it is straightforward to decompose movements in each of the
variables into components that deviate from their random walk components (see below).
Let
a=| " |, (4)

al

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

Y. v =_0_. (5)

"There are many such matrices v/, that satisfy (5), but 4/, is typically normalized so that it contains as
elements as many zeros and ones as possible while still satisfying (5).



Define a new distributed lag operator
D(L) = C(L)G™".

The structural (permanent and transitory) disturbances are given by 1, = (1py4, 1p24774)
where

n = Get7

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

Ax, = 8+ C(L)G 'Ge, (6)

where § is a constant vector. Let D;; (L) denote the i, 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) = Doz (1) = D33 (1) = 0. (7)

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 1, is small (via computation of 7' ). 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 7 corresponding to ¢; and y; are statistically
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 v, and v, 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 not enough to identify innovations that are mutually uncorrelated.
To identify shocks that are mutually uncorrelated we apply a rotation to the vector of trans-
formed 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) = C(LG'H
= D(L)H

Then we may re-write the decomposition of Ax; = (Acy, Aay, Ayt)' as
Ax=6+D(L), (8)

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, following King, Plosser, Stock, and Watson (1991), and Gonzalo and Ng (2001), we as-
sume that the space spanned by permanent shocks is uncorrelated with the transitory shock.
Second, the independent effects of the two permanent shocks are identified by restricting
the contemporaneous response of ¢; to the structural disturbances. The assumption is that

consumption is forward-looking and responds only to innovations in the long-run (trend)
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component of total (asset and labor) income. Under this assumption, innovations in the
trend component of total income are revealed as innovations in consumption. Thus, if the
first permanent shock 7p;, is identified as an innovation in the trend component of total
income, it cannot be the case that consumption responds contemporaneously to a second
permanent shock in the system that is orthogonal to the first. Nor can it respond con-
temporaneously to a transitory shock orthogonal to the first. Given the structure of IN)(L)
with lower triangular H™!, these assumptions are imposed on the structural disturbances in
our system as long as Ac; is ordered first in x;. The remaining permanent shock, 7p,, is
orthogonal to the first permanent shock, 7, ;, and by construction has no contemporaneous
effect on consumption.

This restriction on the contemporaneous responses of ¢; to the structural-form distur-
bances can be motivated by canonical frictionless real business cycle models in which fluc-
tuations are driven by permanent innovations in total factor productivity (TFP). In such
models, consumption adapts immediately to reflect permanent innovations in TFP because
such innovations immediately affect the trend level of total income. Thus the restriction
imposed enables us to choose the first permanent shock (P1) in a way that associates it with
a familiar economic mechanism, namely a permanent, factor-neutral productivity shock that
raises (or lowers) the value of all productive capital and labor input. The canonical real
business cycle model is a general equilibrium version of the permanent income model of Hall
(1978) and Flavin (1981) when the intertemporal elasticity of substitution in consumption
(EIS) is zero. For this reason we refer to the 1p;, shock interchangeably as a “permanent
productivity” shock, or a “permanent income” shock. Cochrane (1994) uses this same type
of restriction to identify permanent and transitory income fluctuations in a bivariate VECM
consisting of consumption and GNP. We show below that the dynamic responses of con-
sumption and labor income to an 7, shock are qualitatively the same as the responses of

these variables to a permanent TFP shock in a canonical real business cycle model.

2.3 Relating Structural Disturbances to Wealth Components

In this paper we also study the dynamic behavior of three major components of household
assets: 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
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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 3 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 8.85%. By contrast, housing wealth growth has a standard deviation of
1.66% and non-stock financial wealth growth just 0.68%. This shows that all the “action”
is in stock wealth and housing. Moreover, the correlation of the log difference in net worth,
Aa;, with the log difference in stock market wealth is 89%. Quarterly changes in net worth
are dominated by fluctuations in the stock market.

To relate these wealth components to the disturbances 1p; 4, 7py; and 79, we estimate

empirical relationships taking the form
Aziy = Ai (L)npyy + Bi (L) npay + Ci (L) Ny + it (9)

where z; ; represents the log level of the ith component of net worth (e.g., stock market wealth,
non-stock market wealth, housing). Since 7p, ;, 7py,; and 7, are mutually uncorrelated and
ii.d., we estimate these equations for each component separately by OLS with L = 16

quarters.®

Because the disturbances 7p;,, 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 logs of the components do not sum up to the log of

the sum a;. We discuss this further below.

81n 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.
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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. Figure
1 plots the cumulative sum, over time, of each structural disturbance after having removed
a deterministic trend. The permanent productivity P1 shock was close to average until the
mid-1960s, but on average positive from 1965 to 1973. From 1975 to 2005, the shocks were
again close to average and then turned negative after that till the end of our sample in
2010:Q2. The permanent reallocative P2 shock was close to average from the mid-1950s to
mid 1960s, then below average from the mid-1960s to the mid-1980s, and then above average
over the last 25 years. We discuss the implications of this for labor income and wealth further
below. 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.

To characterize the dynamic impact of the structural disturbances, Figure 2 shows the
cumulative impulse responses of Ac;, Aay, and Ay, to a one-standard deviation innovation in
each structural disturbance 7p; 4, 7py; and 1y,. Confidence intervals for these responses are
presented in Table 7. The top panel shows that a positive innovation in the first permanent
shock 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 responses of ¢; and y; to the first permanent shock 7y, , are quite similar to what
would be obtained in a canonical frictionless real business cycle model as responses to an
permanent innovation in total factor productivity. Figure 3 shows the impulse responses
from such a model for three different values of the elasticity of intertemporal 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 small values of the EIS the consumption is close to what would
occur if it were exactly a random walk. It is straightforward to show that, when o = 0,

log consumption is a random walk and log labor income and log capital follow unit root

9For 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.
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processes cointegrated with consumption. Moreover, when o = 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.

The response of a; to the first permanent shock is also consistent, at least in the long-run,
with what we would expect from basic economic theory. The latter is given by the response
of the log of the capital stock (which equals the log of wealth in the canonical business cycle
model) to a TFP shock (Figure 2). The response is positive as in the data, but is more
sluggish than the response of a; to a P1 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 K11 = (1 —9) K+ I;, where § is a depreciation rate and [, is a flow of investment.
The adaption of real business cycle models to explain stock market data presents significant
challenges and remains an important area of research.!’

The second panel of Figure 2 displays the empirical responses of ¢;, a;, and y; to the
second permanent 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
income 3, both of which reach 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. We discuss the importance of this shock further below.

The third panel of Figure 2 shows that a positive transitory 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 even
though the confidence bands are quite tight implying some tiny positive responses (Table 7).
By contrast, the effect of a transitory wealth 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 3 years. Despite

their persistent effect on asset values, such shocks bear virtually no relation to consumption

10See for example, Boldrin, Christiano, and Fisher (2001).
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at any future horizon.

How quantitatively important are these shocks? Table 4 displays the fraction of h-step
ahead forecast error in the log difference of consumption, labor income and wealth that is
attributable to the two permanent shocks and to the single transitory shock, 1p;;, 7poy
and np,. For h = 1 and h — oo, the latter giving the portion of the total 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 Appendix.

As Table 4 shows, the first permanent shock 75, ; 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. By contrast, it is the second
permanent shock, 7p,,, that explains almost all of the variance in income growth. This shock
explains 76% of the variance of labor income growth in our sample. The first permanent
shock, 1p, ;, explains 23%. 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 only disturbance in this system that can be plausibly
interpreted as a conventional permanent productivity shock, np, ;, explains a small fraction
of quarterly variation in labor earnings. We discuss this finding further below.

The results are quite different for asset wealth. Transitory shocks dominate changes in
wealth: the estimates imply that 89 percent of the quarterly variation in the growth of asset
wealth is attributable to this shock; only 11 percent is attributable to permanent shocks.
Because this shock bears very little association with Ac; and Ay, the transitory shock in this
system is essentially a wealth shock. 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-run 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 mea-
sured. The second possibility implies that wealth is not a random walk, but instead displays

mean-reversion and adjusts over long horizons to match the smoothness of consumption and
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labor income. The evidence in Table 4 suggests that the second possibility better describes
US data than the first, signaling the existence of a significant transitory component in wealth
that is unrelated to consumer spending and labor income. This finding has been previously
emphasized in LL using earlier data. Here we show how this shock is related to the major
components of household net worth and present evidence that the transitory component
is most relevant for stock market wealth. 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.!!

The permanent-transitory decomposition employed here allows us to identify the random
walk component of each variable, given by the multivariate Beveridge-Nelson decomposition
for this system. Not surprisingly given the results above, Table 5 shows that consumption
and labor income are highly correlated with their random walk components, while wealth is
not. Even with the serial correlation in measured spending growth, consumption still displays
a correlation of 97 percent with its random walk component. Similarly, labor income growth
displays a 99.6 percent correlation with its random walk component. By contrast, asset
wealth is far from a random walk, displaying a correlation of just 33 percent with its random
walk component.

How do the major components of wealth respond to the structural disturbances? Figure
4 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 (9). The first permanent shock 7p,, has an immediate impact on
all three 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 second permanent shock 7p,, and the
transitory shock 77, have much smaller effects on home values, over almost every horizon.

For stock market wealth on the other hand, Figure 4 shows that two of the structural
disturbances are important: Over short horizons, the transitory shock 7, dominates vari-
ability in stock market wealth. A one-standard deviation increase in 7y, has a large and

persistent effect on equity values. But over long horizons, the second permanent reallocation

1Recent summaries of the evidence on stock return predictability are provided in Lettau and Ludvigson
(2010) and Koijen and Van Nieuwerburgh (2010).
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shock 7p, ; 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 second
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. Notice that 7p,, has almost no effect on housing wealth or
non-stock market financial wealth. Thus Figure 4 shows clearly that this reallocation shock
is a shock to shareholder wealth.

The inverse influence that the reallocation (P2) shock has on stock market wealth and
labor earnings is highlighted in Figure 5, which puts together the findings from Figures 3 and
4. A one standard deviation increase in 7)p,, 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 (9), we characterize the relative quantitative importance of each structural distur-
bance (as well as of the residual in (9)) for the major components of wealth by computing
a variance decomposition. Table 6 shows that the transitory shock is most closely related
to stock market wealth and accounts for 72% of its quarterly volatility. The two perma-
nent shocks account for very small amounts, both around 8%. The transitory shock also
accounts for the majority of fluctuations in non-stock financial wealth, but this component
is so stable that it plays little role in the volatility of net worth (Table 3). Housing wealth,
on the other hand, is more closely related to the two permanent shocks than is stock market
wealth, especially the first, which accounts for 15% of its variation. Still, the transitory shock
accounts for a non-negligible 29% of the quarterly fluctuations in housing wealth growth in
this sample. Sub-sample analysis (not reported) suggest this latter number is in large part
attributable to the most recent boom-bust cycle that culminated in the 2007-09 asset market
downturn. The remaining percentages for housing are accounted for by P2 (8%) and the
residual €+ (47%) in (9). 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 (9).'2

12Gince 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 (9), implying (for example) that a large positive transitory shock that increased the share of
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Because the permanent P2 reallocation shock accounts for 76% of the quarterly variation
in labor income, it is especially puzzling for canonical macroeconomic models where trend
fluctuations in 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 permanently reallocate rewards
among factors of production. We discuss some possible non-canonical economic theories for
this shock below.

The transitory shock is also puzzling from the standpoint of economic theory, even among
those theories that resolve important asset pricing puzzles. To illustrate, Figure 6 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.” The
decomposition illustrates the extent to which this non-linear model would produce evidence
of quantitatively important transitory shock, if in fact it had generated the historical data.

Perhaps not surprisingly as Figure 6 shows, the quantitative importance of the transitory
shock in the model is tiny. Thus, 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 consumption innovation in this model has effects that are very similar to the first
permanent productivity shock in or data.

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

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 (9) for these two wealth
components are highly negatively correlated.

18



time-varying risk aversion.!® Figure 7 presents impulse responses for log consumption and
log wealth using simulated data from the baseline Campbell-Cochrane model. 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. The top panel of Figure 7 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 hori-
zons, as in the data. The bottom panel of this figure shows, however, that although wealth
responds some to the orthogonal “transitory” shock, and consumption responds not at all to
this shock, the orthogonal transitory shock represents a quantitatively small fraction of the
variation in wealth, accounting for only 16% of its fluctuations. Yet we have seen above that
the orthogonal transitory shock accounts for the vast majority of fluctuations in wealth. As
emphasized by Lettau and Ludvigson (2001), Lettau and Ludvigson (2005), and LL, much
of the short to medium-run forecastability of excess stock market returns is driven by this
orthogonal transitory component of wealth, rather than by deviations from the random walk
in wealth that are perfectly correlated with consumption innovations. In summary, unlike
the Constantinides model, the Campbell-Cochrane habit model is consistent with the finding
that wealth deviates substantially from its random walk component, but it cannot account

for the finding here that such deviations are uncorrelated with consumption.

3.2 Trend and Cyclical Components of c, a, and y

The empirical procedure employed here can be used to decompose any of the variables in our
system into a “trend” and “cyclical” components. A natural definition of trend component

in each variable is the long-run forecast of the variable, given by the trend component from

13Recent surveys of evidence on stock market predictability and volatility are included in Cochrane (2005),
Lettau and Ludvigson (2010), and Koijen and Van Nieuwerburgh (2010).

19



the multivariate Beveridge-Nelson decomposition for the cointegrated system (¢, as, y;)'. We
define the cyclical component to be the difference between the actual series and the long-
run trend (random walk) component. Note that this definition for the cyclical component
differs from the transitory component. The transitory component is the difference between
the actual series and the permanent component of each variable, where the latter is driven
by the two permanent shocks in our system defined by (2).

The three panels of Figure 8 plot the resulting trend components of consumption, asset
wealth and labor earnings over time, along with the actual series for each variable. The
plot spans the length of our sample, from the second quarter of 1952 to the second quarter
of 2010. Consumption and labor earnings are visually indistinguishable from their long-run
trends. This is not surprising because we already know that they are highly correlated with
these trends (Table 5). For asset wealth, by contrast, there are many times in the post-war
period when asset wealth has diverged substantially from its estimated trend.

A clearer picture of the extent to which this is true is given in Figure 9, which shows
the difference between the trend and actual value of asset wealth (the cyclical component
of wealth), in percent of the trend component. The series displayed in the figure has been
normalized so that when it is above zero, wealth is estimated to be above its long-term trend;
when it is below zero, wealth is estimated to be below its long-term trend.

The figure shows clearly that transitory swings in wealth are both quantitatively large
and persistent. The two recent boom-bust episodes in asset markets stand out. In the period
just before the 2000-02 crash, the transitory component reached as high as 18.9 percent of the
permanent component of wealth. Translated into dollar amounts, this implies that wealth
exceeded its long-run level by as much $28,138 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. Similarly, in the period just
before the 2007-09 crash, the transitory component reached as high as 28.1 percent of the
permanent component of wealth. Translated into dollar amounts, this implies that wealth
exceeded its long-run trend by as much $45,294 per capita in 2005 dollars. We discuss these

subperiods further below.

3.3 Decomposition of Levels

To shed light on the role that each shock has played on the evolution of the variables over

time, we decompose the log levels of the variables into components driven by each structural
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disturbance. To do so, consider the decomposition of growth rates of wealth components in

(9), reproduced here for convenience:

Aziy = Ai(L)npry+ Bi(L)npay + Ci (L) nry + €0
= Azftl + Azf’? + Azgt + €

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):

T
zy = zo—l—E Az
s=1

T T T
= 20+ZA251+ZA252+ZA23+Q
s=1 s=1 s=1

= 2+ 22+ e, (10)

where T is the sample size. A similar decomposition of levels can be obtained for ¢, a;, and

y; by referring to the relevant sub-matrices of (8):

Ay = Diy (L) npry + Dia (L) pay + Dia (L) iz
= Axftl + Axff + Axft,

where z;; is the ithe element of x; = (c,as,9:) and where 13” (L) denotes the scalar
polynomial lag operator that is the 7, jth element of D (L) . Summing the first differences we

again obtain the effect of each shock on the log levels:
T
Tip = Tip+ Z AV
s=1

T T T

P1 P2 T

= T0+ g AIZ‘,S + E A:ci’s + g A%,s
s=1 s=1 s=1

P1 P2 T
= Lo+ Ty T T Ty (11)

Figures 10, 11, and 12, plot the levels decompositions over time for ¢, y;, and net worth

ay, respectively using (11). The top panels of each figure shows the sum of each component,

14We remove the deterministic trend from the log level prior to summing over each component.
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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 10 shows that the movement in the log-level of consumption over time is dominated
by the movement in the level of the P1 shock. The other two shocks play virtually no role in
the determination changes in the level of consumption. By contrast, shorter-term fluctuations
in net worth (Figure 11) are dominated by the pattern in the T' shock, but these short-run
tendencies are shifted up or down by the cumulative effect of two permanent shocks. For
labor earnings (Figure 12), both the first and second permanent shocks have influenced its
level over low frequencies while the T" shock plays no role. In particular, the cumulation of
P2 shocks has been a persistent drag on labor earnings since the mid 1980s, while it was a
persistent boon from the mid 1960s to the mid 1980s.

Figure 13 shows how these shocks have affected the levels of the three major wealth
components, obtained using the OLS estimates and (10). 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 P1 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 P2 component, whereas shorter-lived peaks and troughs in the stock market
have coincided with spikes up or down in the transitory component. For example, the asset
market booms from 1994 to late 2000 and from the third quarter of 2002 to the third quarter
of 2007 coincided with upward spikes in the T' component. But the figure also shows that the
stock market experience over long periods is driven in great part by the P2 shock, discussed
below. Both the reallocation P2 shock and the transitory 7" shock are much more important,
quantitatively, for stock market wealth than is the productivity P1 shock (note the left-hand
scales). Finally, note that housing and non-financial stock market wealth are little effected
by both the P2 shock and the 7" shock. For these components, the quantitatively important
innovation over long and short horizons is the permanent productivity shock P1.

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. The importance of
this is further illustrated by Figure 14, which shows the stark inverse relationship over time

between labor earnings and the stock market that is the result of the cumulative reallocative
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outcomes of the second permanent shock. For the last 25 years, the cumulative effect of
the P2 shock has persistently lowered the level of labor earnings and boosted stock market
wealth. By contrast, for 20 years prior to that (from the mid 1960s to the mid 1980s),
the cumulative effect of the P2 shock persistently boosted labor earnings and lowered stock
market wealth.

Another 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 15 shows this decomposition for ¢;, a;, and y;; Figure
16 exhibits the same decomposition for the major components of wealth.

Figure 15 shows that the variance in the level of consumption is dominated at all frequen-
cies by the first permanent shock (Figure 15, top panel). The variance of labor income, on
the other hand, is dominated by P2 for cycles of one quarter 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, P1 and P2 explain
about the same amount of the variance in the level of labor earnings; for very long cycles,
P1 explains a little more than 60%, while P2 explains a little less than 40%. The transitory
T shock plays no role in the variance of labor income at any horizon. This shock is the
most important contributor to the volatility of total net worth at all frequencies, a fact that
reflects the persistent nature of the transitory wealth shock.

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 second permanent P2 disturbance plays an
increasingly important role as the length of the cycle increases, eventually explaining about
the same fraction of variance as the T shock at very low frequencies. For housing wealth,

the transitory shock and the P1 shock play important roles over cycles of most lengths.

3.4 A Comparison of Two Asset Market Cycles

How does the recent behavior of these shocks relate to the observed volatility in asset val-
ues 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
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market “crashes.” 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. From the third quarter of 2007 through the first quarter of 2009, consumption fell
1.67 percent and housing wealth declined 26 percent on a real, per capita basis. Prior to this
crash, the S&P 500 rose 75% (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 the driving household
net worth and its major asset components over these two boom/bust cycles. Figures 17-20
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 17 exhibits the role each shock played in driving the level of total net worth
during these episodes. The figure shows that the asset market downturn of 2000-02 (and
the boom that proceeded it) was almost entirely the result of a string of transitory wealth
shocks. 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 the transitory 7'
shock. Indeed, the other two permanent shocks had little effect on the level of net worth:
the cumulative effect of these shocks was relatively flat over these two subperiods. Figure
18 shows that this same pattern is evident in stock market wealth but there is no similar
boom-bust pattern in housing wealth (Figure 19), or in non-stock financial wealth (Figure
20). This shows that the asset market downturn of 2000-02 and the boom that proceeded
it was almost entirely the result of a string of transitory wealth shocks to the stock market
component of wealth.

By comparison, the asset market boom from 2002:Q2-2007:Q3 (third sub-panel from the

left) was the result of a culmination of transitory shocks that affected all three major wealth
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components. This boom therefore represents a departure from the usual historical pattern
for housing wealth, which has historically shown only weak correlation with the transitory
T shock. The asset market crash of 2007-09, on the other hand, was characterized by large
negative roles for both the transitory shock and the permanent productivity shock P1, with
the latter having especially important effects on housing wealth. These patterns are similar
in spirit to findings in Campbell, Polk, and Voulteenaho (2010) 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.
The last sub-panel of each plot includes the level forecasts for each component, extended
out past the end of our sample (2010:Q2). The forecasts are computed from (9) by assuming
all future innovations (past the end of our sample) are equal to their population means of
zero, and then rolling the computation for the levels forward (see (10)). Since the distributed
lag operators in (9) use 16 quarterly lags, the model produces forecasts for 16 quarters past
the end of our sample. 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 (Figure 19, second panel).
The cumulative effects of the other two shocks play no role in this gloomy forecast. At the
same time, the rebound in the stock market since 2009 can be traced to a string of transitory
innovations (Figure 18, third panel): the only component of stock market wealth moving up
during the period since 2009Q]1 is the transitory component, a movement that is echoed in
the plots for total household net worth (Figure 17). Figure 9 shows that, as of the third
quarter of 2010, the cumulative effect of these innovations on stock market wealth has once

again driven household net worth to values significantly above its long-run level.

4 Discussion

What are the predominant sources of post-war fluctuations in labor markets and household
wealth? We find here that the prime movers are a permanent shock that reallocates rewards
between workers and shareholders and a transitory shock that effects only wealth. To draw
these conclusions we have identified three shocks, distinguished by whether their effects are
permanent or transitory, and used them to characterize the post-war dynamics of aggregate

consumer spending, labor earnings, and household wealth. The first shock does indeed look
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like a standard factor-neutral technology shock that drives (stochastic) trend movements in
productivity, the returns to labor and capital, and consumption, all in the same direction.
Panel A of Figure 21 shows that the low frequency variation in the cumulative sum this
shock over time closely mirrors the utilization-adjusted TFP series compiled by Fernald
(2009). This P1 shock accounts for virtually of the variation in consumption growth in our
post-war sample.

But there are two other shocks that are mutually uncorrelated with this permanent
productivity shock, and they are dominant forces in the post-war behavior of labor earnings
and household wealth. The second of these shocks is a permanent disturbance that sends
net worth (in particular stock market wealth) in one direction and labor income in the other.
This shock underlies the bulk of post-war fluctuations in labor earnings, accounting for 76%
of its quarterly variation; it also plays a quantitatively large role in labor income volatility
over business cycles and at low frequencies, reflecting an important “Wall Street versus Main
Street” tradeoff in the data. The third shock is a persistent but transitory innovation that
accounts for the vast majority of quarterly fluctuations in asset values but has a negligible
impact on consumption and labor earnings, both contemporaneously and at any future
horizon. We show that transitory innovations played a dominant role in the 2000-02 stock
market crash and the run-up that preceded it. By contrast, the 2007-09 asset market crash
was accompanied by a string of large negative realizations in both the transitory shock and
the permanent productivity shock, with the latter having especially bearish implications for
housing wealth for the three years past the end of our sample in 2010:Q2.

The role of two of these shocks in driving the post-war experience appears especially
puzzling from the perspective of modern dynamic macroeconomic theory, for two reasons.
First, the large transitory component in wealth is impossible to reconcile with any model
that is inconsistent with a significant forecastable component in stock market returns over
medium to long horizons. But this finding also presents a challenge for leading consumption-
based asset pricing theories that are capable of explaining such forecastability: these models
are consistent with the existence of a large transitory component in wealth, but they do not
account for the finding that this component is unrelated to consumption.

Second, economic theory also teaches us that trend movements in the rewards to labor
input typically rise and fall with movements in long-run labor productivity, driven (for exam-
ple) by a permanent technology shock. Yet the only shock that can plausibly be interpreted

as a permanent factor-neutral productivity shock in our data explains just 23 percent of
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post-war labor income fluctuations. Instead, what explains the variability in labor income
is a reallocation shock that shifts rewards between equity shareholders and workers, a find-
ing similar in spirit to estimates of asset pricing models that suggest the return to human
capital is negatively correlated with stock market returns (Chen, Favilukis, and Ludvigson
(2007), Lustig and Van Nieuwerburgh (2008)). Although this reallocation shock has only a
small impact on the level of stock market wealth at quarterly horizons, it is an important
force in its low frequency variation around a deterministic trend. Over the last 25 years, the
cumulative effect of this reallocative shock has persistently boosted stock market wealth and
persistently lowered labor earnings. The disturbance helps explain why the stock market,
which rebounded quickly from losses in 2008 and early 2009, has remained buoyed even in
the face of an initial subsequent “jobless recovery” that kept labor earnings growth low for
many quarters heading out of the recession.

We are not the first to conclude that factor-neutral technology shocks are unlikely to
be the most important source of variation in 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)). So it is important to note the ways in which our approach, data, and findings,
differ from other work that has studied the sources of business cycle fluctuations.

First, other researchers have focused primarily on output, investment and hours, and
on their variability at business cycle frequencies. By contrast, we have focused on eco-
nomic 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. In doing so, we provide a new characterization of the non-technology sources of
variation in an alternative set of macroeconomic and financial market indicators, finding not
only that these sources are quantitatively important but also that their dynamics contain a
stark reallocative component that operates between workers and shareholders. Second, in
terms of labor market dynamics, most of the macroeconomic literature has focused on hours
worked. For example, Gali (1999) argued that non-stationary hours worked do not respond
empirically to his identified productivity shocks. We instead focus on the total reward to
worker input, or labor earnings (roughly average after-tax wage times hours). Third, the
assumptions under which we identify a permanent productivity shock differ from the extant
literature. For example, Gali identified technology innovations under the assumption that

only technology shocks could have permanent effects on average labor productivity. Our
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empirical system, on the contrary, contains two permanent shocks with only one of them
plausibly interpreted as a conventional factor-neutral productivity shock. Thus, unlike the
extant literature, we explicitly allow for the presence of a second non-productivity permanent
shock, the nature and quantitative importance of which we investigate.

It is important to emphasize that the first permanent “productivity” shock in our sys-
tem is interpreted as a permanent total income shock, and is obtained by restricting the
contemporaneous response of consumption to permanent and transitory innovations. This
identifying restriction rules out any role for a second mutually uncorrelated permanent shock
to contemporaneously affect consumption. It also rules out a contemporaneous role for tran-
sitory shocks (driven by e.g., monetary or fiscal shocks) that could temporarily affect con-
sumption growth through a change in the expected real interest rate if the EIS is non-zero.
While such additional sources of variation might be possible and even plausible, the evidence
above suggests that, if they are present, they are not quantitatively important for consump-
tion: 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. This result is consistent with Justiniano,
Primiceri, and Tambalotti (2009) who find that the comovement of consumption with the
rest of the economy is driven mainly by factor-neutral technology shocks.

Finally, in contrast to approaches that identify shocks by estimating structural dynamic
stochastic general equilibrium models (e.g., Smets and Wouters (2007); Justiniano, Primiceri,
and Tambalotti (2009, 2010)), our econometric approach uses only an unrestricted VECM
and a single contemporaneous restriction on the behavior of consumption to identify three
mutually uncorrelated structural disturbances distinguished by their degree of persistence.
We view the two approaches as complementary, with each subject to its own strengths
and weaknesses that reflect the usual trade-off between efficiency and robustness to model

misspecification.

What is the Transitory Wealth Shock?

We have shown above that the transitory wealth shock is closely related to short- and
intermediate-term fluctuations in household net worth and the stock market in particular,
but is unrelated to consumption and labor income. How should we interpret these fluctu-
ations in wealth? Variation in stock prices relative to measures of fundamental value can

be attributable to one of two factors: changes in expected future cash-flow fundamentals,
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or changes in the discount rates applied to these cash-flows.!” Even if expected future cash-
flows remain unchanged, wealth can fluctuate considerably if there are large changes in the
discount rates that rational investors apply to corporate cash-flows. If the transitory shock
represents a pure discount rate shock (orthogonal to expected future cash-flows), it may not
have important affects on consumption or labor income, but a simple ()-theory of investment
would imply that it should have affects on investment. When stock prices rise on the ex-
pectation of lower future returns, discount rates fall, raising the expected present discounted
value of marginal profits and therefore the optimal rate of investment (Abel, 1983; Abel and
Blanchard, 1986). If there are short-term lags between investment decisions and investment
expenditures (Lamont, 2000), the expenditures themselves may not rise contemporaneously
with a discount rate shock that raises stock prices, but investment expenditures should rise
after a few quarters, as emphasized in Lettau and Ludvigson (2002). In summary, if the
transitory wealth shock is a discount rate shock rather than a cash-flow shock, it should
eventually affect investment even if it does not affect consumption and labor earnings.

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 (10). An increase in the transitory shock raises all four types of investment (private
investment, nonresidential investment, structures, and equipment) within a few quarters
time, consistent with the interpretation of the transitory shock as a discount rate shock.
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.

An increase in the permanent productivity (P1) shock has a positive effect on all in-
vestment categories. This 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 re-
allocative (P2) shock leads to a decrease in investment. This could occur if P2 is driven
by a persistent shock to uncertainty about firm-level growth rates or by price markups, as

discussed in the next section.

15This decomposition rules out rational bubbles.
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What is the Permanent Reallocation Shock?

How can we interpret the post-war behavior of labor income and household net worth that
we have documented here in response to the second permanent shock in our system? What
economic mechanisms might be consistent with these findings? We conclude by conjecturing
a few possibilities.

First, search models with shocks to the bargaining power of firms are an intuitively
appealing possibility. It is important to remember, however, that the reallocation shock we
identify explains the bulk of quarterly labor income fluctuations, so low frequency shifts in
bargaining power alone (designed to explain e.g., the secular decline in union membership
over the post-war period) are unlikely to explain these higher frequency movements in the
labor market.

A second possible explanation could involve “uncertainty” shocks driven by fluctuations
in the dispersion of firm-level growth rates. A (positive) uncertainty shock makes the dis-
tribution 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). Similarly, Schaal (2010) studies a
dynamic search model of heterogeneous firms with both TFP shocks and uncertainty shocks
but without financial frictions. A positive uncertainty shock in his model increases both
average productivity and the real wage but also significantly raises unemployment, implying
that total labor income could fall under the right calibration.

These models also often imply that positive uncertainty shocks interacting with finan-
cial frictions lead to a reduction in investment, as in Gilchrist, Sim, and Zakrajsek (2010),
consistent with the effect of P2 on investment discussed above. Justiniano, Primiceri, and
Tambalotti (2009) find that an investment shock that determines the efficiency of newly
produced investment goods explains most of the variation in output at business cycle fre-
quencies while Justiniano, Primiceri, and Tambalotti (2010) argue that this shock is closely
related to financial intermediation frictions, consistent with the interpretation of Gilchrist,
Sim, and Zakrajsek (2010). Panel B of Figure 21 shows that the low frequency variation in
the cumulative sum the investment shock estimated in Justiniano, Primiceri, and Tambalotti

(2009) is closely related over time to that of the P2 shock.!'® Taken together, these results

16We are grateful to Giorgio Primiceri for providing us with the investment shock data.
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are suggestive of a possible role for uncertainty shocks (and a lesser role for productivity
shocks) in explaining both the post-war behavior of labor earnings and the low frequency
behavior of the stock market. To provide more than suggestive evidence, however, future
research must formally investigate the simultaneous effects of such shocks on stock market
wealth and labor income in a unified general equilibrium model.

Other researchers have 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, as for example in Rios-
Rull and Santaeulalia-Llopis (2009). Others have argued that variation in the labor share
explains an important fraction of inflation variation, as in Gali and Gertler (1999). Rios-Rull
and Santaeulalia-Llopis (2009) find empirically, however, that shocks to labor’s share tend to
be negatively correlated with measures of productivity, whereas the 7p,, shock we identify
is orthogonal to the permanent productivity shock in our decomposition. In addition, Rios-
Rull and Santaeulalia-Llopis (2009) find that shocks to labor’s share display an overshooting
pattern that is not immediately evident in the response of labor income to a 7p,, shock.

A fourth possible explanation for our findings is directed technological change. Re-
searchers 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 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
resulting from the cumulative effect of the np,, shock over the last 25 years, while techno-
logical change biased in favor of labor and against capital might explain the converse over
the 20 years prior to that. More work is needed to determine whether a reasonable model
of directed technological change can explain the findings here, especially given the role skill-
biased technological change is thought to have played in the returns to highly educated
workers over the last 20 years.

A final possible explanation for these findings could involve 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 P2 shock. Given the cumulative

values of P2 displayed in Figure 1, this interpretation implies that the economy has become

31



much less competitive in the last 25 years. Rigorous evaluation of these and other possible

contending explanations awaits future research.
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Appendix

Data Description

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 4 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
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
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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 - NONRESIDENTTAL

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

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.
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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 + B,a; + B,y: + €. The H (0,1) test
statistic tests the hypothesis v; = 0 in the regression:

¢ =ctmnt+Byy; + Baa; €, (12)

“*” denote their transformed values based on the “canonical cointe-

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

c; = ¢+ degy,
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and similarly for y; and a;. The parameters d., etc., are real numbers. Since the cointe-
grating residual ¢, is stationary, c¢;, a; and y; are cointegrated with the same cointegrating
vector as ¢, a; and y;. The parameters d,. etc., are selected so that ¢;, etc., are uncorrelated
with disturbances of the regression in the long-run, implemented by using the “variable
additive method” of Park (1990). These parameters depend on the OLS estimate of the
cointegrating vector and the long-run autocovariance function of &, @ = > F [g5}_;].
The null hypothesis of deterministic cointegration is a test of the hypothesis v; = 0; hence
a rejection of v, = 0 is a rejection of this null. Table A.2 below provides test results for the

sample 1952:QQ1-2010:Q2. The H (0, 1) test statistic provides no evidence against the null of

deterministic cointegration.

Table A.2: Canonical cointegrating regression results

B B, H(0,1)"
0.2186  0.6700 0.0013
(0.0412)  (0.0461) (0.9717)

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 5yare

estimated cointegrating parameters on @ and Y, respectively.

%Standard errors are in parentheses.

by? test statistic with one degree of freedom for the deterministic cointegration restriction. P-values are
in parentheses.

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
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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.

37



References

ABEL, A. B. (1983): “Optimal Investment under Uncertainty,” American Economic Review,
73(1), 228-233.

——— (1990): “Asset Prices Under Habit Formation and Catching Up With the Jones,”

American Economic Review, 80, 38—42.

ABEL, A. B., axp O. BLANCHARD (1986): “The Present Value of Profits and Cyclical

Movements in Investment,” FEconometrica, 54(2), 246-73.

AcemocGru, D. (2002): “Directed Technical Change,” Review of Economic Studies, 69,
781-8009.

ANDREWS, D. (1991): “Heteroskedasticity and Autocorrelation Consistent Covariance Ma-

trix Estimation,” Econometrica, 59, 817-858.

ARELLANO, C., Y. BA1, axp P. KEHOE (2010): “Financial Markets and Fluctuations in

Uncertainty,” Federal Reserve Bank of Minneapolis Research Department Staff Report.

BLINDER, A. S., AxD A. DEATON (1985): “The Time Series Consumption Function Revis-

ited,” Brookings Papers on Economic Activity, 2, 465-511.

BoLpRrIN, M., L. J. CHRISTIANO, AND J. D. M. FisHER (2001): “Habit Persistence, Asset

Returns and the Business Cycle,” American Economic Review, 91(1), 149-166.

CAMPBELL, J. Y. (1987): “Does Saving Anticipate Declining Future Labor Income? An
Alternate Test of the Permanent Income Hypothesis,” FEconometrica, 55, 1249-73.

CAMPBELL, J. Y., axp J. H. COCHRANE (1999): “By Force of Habit: A Consumption-

Based Explanation of Aggregate Stock Market Behavior,” Journal of Political Economy,
107, 205-251.

CAMPBELL, J. Y., anD P. PERRON (1991): “Pitfalls and Opportunities: What Macro-
economists Should Know About Unit Roots,” in NBER Macroeconomics Annual: 1991,
ed. by O. J. Blanchard, and S. Fischer. MIT Press, Cambridge, MA.

38



CAMPBELL, J. Y., C. POLK, axD T. VOULTEENAHO (2010): “Hard Times,” Unpublished

paper, Harvard University.

CHEN, X., J. FaviLukis, anp S. C. LuDpvIGSON (2007): “An Estimation of Economic

Models with Recursive Preferences,” Unpublished paper, New York University.

CHRISTIANO, L. J., M. EICHENBAUM, AND R. VIGUSSON (2004): “What Happens After a

Technology Shock?,” Unpublished paper, Northwestern University.

COCHRANE, J. H. (1994): “Permanent and Transitory Components of GDP and Stock
Prices,” Quarterly Journal of Economics, 109, 241-265.

——— (2005): Asset Pricing, Revised Edition. Princeton University Press, Princeton, NJ.

CONSTANTINIDES, G. M. (1990): “Habit-formation: A Resolution of the Equity Premium
Puzzle,” Journal of Political Economy, 98, 519-543.

ENGLE, R. F., anp C. W. J. GRANGER (1987): “Co-integration and Error Correction

Representation, Estimation and Testing,” Econometrica, 55, 251-276.

FERNALD, J. (2009): “A Quarterly, Utilization-Adjusted Series on Total Factor Productiv-
ity,” Unpublished paper, Federal Reserve Bank of San Franscisco.

FISHER, J. D. M. (2006): “The Dynamic Effect of Neutral and Investment-Specific Tech-
nology Shocks,” Journal of Political Economy, 114(3), 413-451.

Fravin, M. A. (1981): “The Adjustment of Consumption to Changing Expectations about
Future Income,” Journal of Political Economy, 89, 974-1009.

FraNcis, N., axp V. A. RAMEY (2001): “Is the Technology Driven Real Business Cycle
Dead?,” Unpublished Paper, University of California San Diego.

GALL, J. (1999): “Technology, Employment and the Business Cycle: Do Technology Shocks

Explain Aggregate Fluctuations?,” American Economic Review, 89, 249-271.

GALf, J., AND M. GERTLER (1999): “Inflation Dynamics: A Structural Econometric Analy-

sis,” Journal of Monetary FEconomics, 44, 195-222.

GILCHRIST, S., J. W. SiM, axDp E. ZAKRAJSEK (2010): “Uncertainty, Financial Frictions,

and Investment Dynamics,” Unpublished Manuscript, Boston University.

39



GONZALO, J., AND C. GRANGER (1995): “Estimation of Common Long-Memory Compo-

nents in Cointegrated Systems,” Journal of Business and Economic Statistics, 13, 27-35.

GONZALO, J., AND S. NG (2001): “A Systematic Framework for Analyzing the Dynamic

Effects of Permanent and Transitory Shocks,” Journal of Economic Dynamics and Control,

25(10), 1527-1546.

Harr, R. E. (1978): “Stochastic Implications of the Life-Cycle Permanent Income Hypoth-
esis: Theory and Evidence,” Journal of Political Economy, 86, 971-87.

HaN, H.-L., anp M. OGAKI (1997): “Consumption, Income and Cointegration,” Interna-
tional Review of Economics adn Finance, 6(2), 107-117.

JUSTINIANO, A., G. E. PRIMICERI, AND A. TAMBALOTTI (2009): “Investment Shocks and
Business Cycles,” Journal of Monetary Economics, 57(2), 132-145.

——— (2010): “Investment Shocks and the Relative Price of Investment,” Review of

Economic Dynamics, forthcoming.

King, R., C. PLOSSER, J. H. STOCK, aND M. W. WATSON (1991): “Stochastic Trends

and Economic Fluctuations,” American Economic Review, 81, 819-840.

Kouen, R. S. J., axp S. VAN NIEUWERBURGH (2010): “Predictability of Returns and

Cash Flows,” Unpublished paper, New York Univeristy.

KypLAND, F., anD E. C. PRESCOTT (1982): “Time to Build and Aggregate Fluctuations,”
Econometrica, 50, 343-360.

LAMONT, O. (2000): “Investment Plans and Stock Returns,” Journal of Finance, 55(6),
2719-45.

LeTTAU, M., AND S. C. LUDVIGSON (2001): “Consumption, Aggregate Wealth and Ex-
pected Stock Returns,” Journal of Finance, 56(3), 815-849.

——— (2002): “Time-Varying Risk Premia and the Cost of Capital: An Alternative
Implication of the ) Theory of Investment,” Journal of Monetary Economics, 49, 31-66.

(2004): “Understanding Trend and Cycle in Asset Values: Reevaluating the Wealth
Effect on Consumption,” American Economic Review, 94(1), 276-299.

40



(2005): “Expected Returns and Expected Dividend Growth,” Journal of Financial
Economics, 76, 583-626.

(2010): “Measuring and Modeling Variation in the Risk-Return Tradeoff,” in Hand-
book of Financial Econometrics, ed. by Y. Ait-Sahalia, and L. P. Hansen, vol. 1, pp.
617-690. Elsevier Science B.V., North Holland, Amsterdam.

LusTiG, H., AND S. VAN NIEUWERBURGH (2008): “The Returns on Human Capital: Good
News on Wall Street is Bad News on Main Street,” Review of Financial Studies, 21,
2097-2137.

NeEwey, W. K., anp K. D. WesT (1987): “A Simple, Positive Semidefinite, Heteroskedas-

ticity and Autocorrelation Consistent Covariance Matrix,” Econometrica, 55, 703—708.

Na, S., anp P. PERRON (1997): “Estimation and Inference in Nearly Unbalanced Nearly

Cointegrated Systems,” Journal of Econometrics.

OGAKI, M., anDp J. Y. PARK (1997): “A Cointegration Approach to Estimating Preference
Parameters,” Journal of Econometrics, 82(1), 107-134.

PARrk, J. Y. (1990): “Testing for Unit Roots and Cointegration by Variable Addition,”

Advances in Econometrics, 8, 107-133.
—— (1992): “Canonical Cointegrating Regressions,” Econometrica, 60(1), 119-143.

PArk, J. Y., axp M. OGAKI (1991): “Inference in Cointegrated Models using VAR
prewhitening to estimate Shortrun Dynamics,” Rochester Center for Economic Research

Working Paper No. 281, University of Rochester.

PASTOR, L., AxD P. VERONESI (2006): “Was There A Nasdaq Bubble in the Late 1990s?,”

Journal of Financial Economics, 81, 61-100.

Rios-RuLL, J., AxD R. SANTAEULALIA-LLOPIS (2009): “Redistributive Shocks and Pro-

ductivity Shocks,” Unpublished paper, University of Minnesota.

SCHAAL, E. (2010): “Uncertainty, Productivity, and Unemployment in the Great Reces-

sion,” Unpublished paper, Princeton University.

Smvs, C. A. (1980): “Macroeconomics and Reality,” Econometrica, (48), 1-48.

41



SMETS, F., anp R. WOUTERS (2007): “Shocks and Frictions in U.S. Business Cycles: A
Bayesian Approach,” American Economic Review, 97(3), 586—606.

STOCK, J. H. (1987): “Asymptotic Properties of Least Squares Estimators of Cointegrating
Vectors,” FEconometrica, 55, 113-144.

STOCK, J. H., AND M. W. WATSON (1988): “Testing for Common Trends,” Journal of the
American Statistical Association, 83, 1097-1107.

—— (1993): “A Simple Estimator of Cointegrating Vectors in Higher Order Integrated
Systems,” FEconometrica, 61, 783-820.

42



Table 1: Growth Rates

Consumption  Labor Income  Financial Net Worth

Std. Dev. 0.46% 0.92% 2.26%
Correlations

Consumption 1.00 0.30 0.46
Labor Income 0.30 1.00 0.18
Net Worth 0.46 0.18 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 second quarter quarter of 2010.



Table 2: VECM

Dependent variable Equation

Act Aat Ayt

cays_q -0.01 0.27 0.06
(-0.26) (2.72) (1.58)

Acyq 0.27 0.32 0.58
(4.07) (1.15) (3.94)

Aa;_q 0.06 0.25 -0.13
(1.66) (3.62) (-1.18)

Ay q 0.06 -0.08 -0.14
(1.67) (-0.45) (-1.72)

R? 0.21 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 ¢, — &qa; — QY = &’ x; is the estimated cointegrating
residual. The sample spans the fourth quarter of 1951 to the second quarter quarter of 2010.



Table 3: Wealth Components

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

Share in Net Worth

1951Q4-2010Q2 1.00 1.16 0.16 0.22 0.29 0.65
1951Q4-1961Q4 1.00 1.10 0.10 0.18 0.26 0.67
1999Q3-2010Q2 1.00 1.22 0.22 0.30 0.34 0.58
Std. Dev. 2.23 1.90 1.05 8.85 1.66 0.68

Correlations of log growth rates

Net Worth 1.00 0.99 0.31 0.89 0.47 0.38
Assets 0.99 1.00 0.38 0.89 0.50 0.42
Liabilities 0.31 0.38 1.00 0.18 0.50 0.51
Stock Mkt. Wealth 0.89 0.89 0.18 1.00 0.19 0.10
Housing 0.47 0.50 0.50 0.19 1.00 0.56
Non stock Financial 0.38 0.42 0.51 0.10 0.56 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 second quarter quarter of 2010.



Table 4: Variance Decomposition

Variable P1 P2 T
ACt+1 — EtACt+1 100% 0% 0%
(100%, 100%) (0%, 0%) (0%, 0%)
Ay — Ei Ay 17% 83% 0%
(13%, 27%) (73%, 87%) (0%, 0%)
Aat+1 — EtACLt+1 7% 0% 93%
(5%, 14%) (0%, 2%) (85%, 95%)
ACH_OO — EtACt-f—OO 93% 1% 6%
(88%, 97%) (0%, 6%) (1%, 8%)
AYiroo — B AY 10 23% 76% 1%
(19%, 33%) (65%, T8%) (0%, 5%)
AaHOO — EtACLt+OO 8% 3% 89%
(6%, 14%) (1%, 7%) (81%, 91%)

Notes: The table report results from a variance decomposition of orthogonal permanent shocks (P1, P2) shocks
and a transitory shock (T). Bootstrapped 90% confidence intervals are in parentheses. The sample spans the
fourth quarter of 1951 to the second quarter quarter of 2010.



Table 5: Correlation with Random Walk Component

Consumption Labor Income Financial Net Worth

0.970 0.996 0.331

Notes: This table reports the correlations with the nonstationary random walk components constructed from
the permanent/transitory identification of shocks. The sample spans the fourth quarter of 1951 to the second
quarter quarter of 2010.



Table 6: Wealth Components: Variance Decomposition

Wealth Component P1 P2 T Residual
Net Worth 8% 4% 88% 0%
Stock Mkt. Wealth ™% 8% 72% 13%
Housing 15% 8% 29% 48%
Non-Stock Fin. Wealth 20% 9% 29% 42%

Notes: This table reports the variance decomposition of wealth components based on OLS regressions on
contemporaneous and lagged P1, P2 and T shocks. 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 second quarter

quarter of 2010.



Table 7: Impulse Response Function with 90% Confidence Intervals

Horizon Consumption
h P1 P2 T
1 0.407 (0.374, 0.430)  0.000 (0.000, 0.000) 0.000 (0.000, 0.000)
2 0.685 (0.590, 0.761)  0.038 (-0.016, 0.086)  0.165 (0.100, 0.221)
4 0.710 (0.608, 0.816)  0.003 (-0.066, 0.062)  0.143 (0.079, 0.205)
8 0.713 (0.615, 0.831)  -0.027 (-0.108, 0.044)  0.109 (0.051, 0.177)
16 0.715 (0.620, 0.844)  -0.049 (-0.141, 0.031)  0.083 (0.032, 0.157)
oo 0.720 (0.630, 0.922)  -0.120 (-0.290, -0.016)  0.000 (0.000, 0.024)
Horizon Labor Income
h P1 P2 T
1 0.363 (0.266, 0.446)  0.799 (0.722, 0.853) 0.000 (0.000, 0.000)
2 0.690 (0.534,0.823)  0.717 (0.608, 0.799) 0.136 (0.047, 0.223)
4 0.717 (0.557, 0.876)  0.689 (0.571, 0.777) 0.124 (0.047, 0.202)
8 0.720 (0.566, 0.886)  0.663 (0.536, 0.759) 0.095 (0.033, 0.168)
16  0.721 (0.572,0.894)  0.644 (0.510, 0.746) 0.072 (0.022, 0.145)
oo 0.726 (0.589, 0.950)  0.582 (0.393, 0.708) 0.000 (0.000, 0.018)
Horizon Net Worth
h P1 P2 T
1 0.564 (0.395,0.739)  0.010 (-0.197,0.185)  2.058 (1.857, 2.191)
2 0.947 (0.621, 1.382)  -0.452 (-0.859, -0.149)  2.309 (1.853, 2.676)
4 1.008 (0.722, 1.672)  -0.930 (-1.539,-0.454)  1.778 (1.173, 2.392)
8 1.035 (0.765, 1.916)  -1.296 (-2.051,-0.660)  1.351 (0.711, 2.181)
16 1.055 (0.782,2.128)  -1.574 (-2.427,-0.826)  1.026 (0.427, 1.995)
oo 1.118 (0.778, 3.562)  -2.450 (-4.364, -1.501)  0.003 (0.000, 0.332)

Notes: THis table reports impulse response functions of consumption, labor income and net worth to orthogonal
permanent shocks (P1 and P2) and the transitory shock (T). Bootstrapped 90% confidence intervals are in
parentheses. The sample spans the fourth quarter of 1951 to the second quarter quarter of 2010.



Figure 1: Cumulative P1, P2 and T Shocks

P1 Shock
[4V)
[4V)
9 |
‘j |
VE=)!
¥ 2
2
i |
ol
2, N X
¥ roer
(o] ! ! ! ! ! ! ! ! ! ! ! !
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
guarters
P2 Shock
@
<
4V]
9 | A W
8
<1l
1
o]
1
[se
I
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
guarters
T Shock
[=)
ol
[
S
24 8 4
)
N 7 v
I
<L
I
o]
I
®
19

50 1955 1960 1965 1970 1975 1980 1985 18990 1995 2000 2005 2010 2015
guarters

Notes: The figure plots cumulative permanent and transitory shocks identified by Gonzalo and Ng’s

(2001) methodology.



Figure 2: Impulse Response Functions
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Gonzalo and Ng’s (2001) methodology.



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:
Y; = A?Ktl_o‘; Kij1=(1-0)K;+Y; — C; C; 7 = BEAC, | Riy1}; as = ¢as—1 + €. Lowercase letters
denote log levels. w; 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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shocks identified by Gonzalo and Ng’s (2001) methodology.



Figure 5: Impulse Response Functions to P2 Shock
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Figure 6: PT Decomposition of Constantinides Habit Model
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Figure 7: PT Decomposition of Campbell Cochrane Habit Model
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transitory shocks in simulated data from Campbell and Cochrane’s (1999) habit model.



Figure 8: Random Walk Components
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Notes: The figure plots the random walk components of consumption, labor income and asset wealth.
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Figure 9: Cyclical Component of Net Worth
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Notes: The figure plots the cyclical component of asset wealth defined as the difference between the

trend and actual value of asset wealth in percent of the trend component.



Figure 10: VECM Level Decomposition - Consumption
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Notes: The figure shows the decomposition of the detrended log level of consumption over time as

defined in section 3.3. A linear time time trend is removed.



Figure 11: VECM Level Decomposition - Net Worth
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Notes: The figure shows the decomposition of the detrended log level of net worth as defined in section

3.3. A linear time time trend is removed.
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Figure 12: VECM Level Decomposition - Labor Income

Sum of Shocks — VECM

A ~
‘”W
50 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
guarters
Permanent Shock 1 = VECM
/MV//V/W\“‘\_/\
50 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
guarters
Permanent Shock 2 - VECM
N\V'W WA‘/
50 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
guarters
Transitory Shock = VECM
— N\
N
50 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
guarters

Notes: The figure shows the decomposition of the detrended log level of labor income as defined in

section 3.3. A linear time time trend is removed.
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Figure 13: Level Decomposition - joint
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Figure 14: Decomposition of Labor Income and Stock Market Wealth
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Notes: The figure shows the effect of the P2 shock on the levels of labor income and stock market

wealth. Both series are divided by their standard deviations.



Figure 15: Decomposition of Spectra
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Notes: The figure shows the decomposition of spectra at different frequencies. Spectra are estimated
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Figure 16: Decomposition of Spectrum
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Figure 17: VECM Level Decomposition - Net Worth: Subsample 1994:Q1-2001:QQ2
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Figure 18: OLS Level Decomposition - Stock Market Wealth: Subsample 1994:Q1-2001:QQ2
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Figure 19: OLS Level Decomposition - Housing Wealth: Subsample 1994:Q1-2001:Q2
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Figure 20: OLS Level Decomposition - Non-Stock Financial Wealth: Subsample 1994:QQ1-2001:QQ2
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Figure 21: 4-Year Moving Average of Shocks

Panel A: P1 and Utilization—adjusted TFP Shocks
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Notes: The figures shows 4-year moving averages of P1 and utilization-adjusted TFP shocks in the
top panel and P2 and investment shocks in the bottom panel. TFP data is from Fernald (2009) and
investment data is from Justiniano, Primicerai and Tambalotti (2009). TFP and investment shocks

are computed as residuals from an AR(1). Both series are divided by their standard deviations.
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Notes: The figure plots impulse response functions of different measures of investment in response to

Figure 22: IRF of Investment to P1, P2 and T Shocks
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