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1 Introduction

A fundamental question in macroeconomics concerns the origins of economic fluctuations.
An emerging body of evidence suggests disturbances to investment opportunities are fun-
damental drivers of business cycles. Fisher (2006) demonstrates innovations in the relative
price of investment are central to business cycles, while Gilchrist, Ortiz, and Zakrajsek (2009)
and Gilchrist and Zakrajsek (2012) adduce evidence that movements in credit spreads and, in
particular, excess bond premia, have statistically and economically significant implications
for economic activity in the U.S..! Embedding such sources of fluctuation in business-cycle
models has been a challenge, a task first addressed by the seminal work of Greenwood, Her-
cowitz, and Huffman (1988). Indeed, standard neoclassical models of the kind proposed by
Kydland and Prescott (1982) must rely on fluctuations in total factor productivity (TFP)
to explain the observed co-movement between consumption, investment and hours worked
— see Barro and King (1984). Intertemporal substitution of goods and leisure is the cen-
tral determinant of equilibrium business cycles. Benchmark assumptions on preferences and
technology, and constant TFP, predict that any change in consumption induces opposite
movements in hours worked and investment.? This presents a difficulty for many models of
financial market dislocation often premised on strong intertemporal substitution motives —
see, for example, Carlstrom and Fuerst (1997) and Bernanke, Gertler, and Gilchrist (1999).

This paper presents a neoclassical stochastic growth model consistent with macroeco-
nomic co-movement when faced with disturbances to the marginal efficiency of investment.
Two assumptions are made, motivated by empirical evidence for the U.S.; in an otherwise
standard real-business-cycle model. First, as predicted by theories of time allocation — for
example Becker (1965) — individual consumption expenditures are affected by the number
of hours worked: the employed consume more than the non-employed in compensation for
supplying labor. Aguiar and Hurst (2005) and Aguiar, Hurst, and Karabarbounis (2011)
demonstrate households substitute between market and non-market work over the business
cycle. And Aguiar and Hurst (2008) show that a large fraction of the drop in consump-

tion expenditures at retirement can be explained by labor supply decisions. The resulting

'Looking at financial variables during the 2007-09 crises, movement in these spreads are shown to be
connected to changes in the supply of credit.

2As noted by Campbell (1994), the standard real-business-cycle model with TFP shocks also fails to
deliver co-movement if the shock is more persistent than a random walk.



complementarities between consumption expenditures and hours worked are captured by
non-separable preferences over these activities. Second, hours worked are adjusted for the
most part on the extensive margin, which here is modeled as costly labor market participa-
tion.

Together these assumptions imply intertemporal substitution of goods and leisure induce
co-movement over the business cycle through a composition effect engendered by heterogene-
ity in the consumption behavior of employed and non-employed workers. As an example,
consider an exogenous improvement in the marginal efficiency of investment. Higher mar-
ginal value of wealth leads to higher investment, with the required resources provided by
higher employment and hours worked, as well as reduced consumption of both the employed
and non-employed. Despite declining individual consumption, the compositional effect aris-
ing from increased numbers of employed generates an expansion in aggregate consumption.

In a special case of our model, analytical results are provided on the parametric re-
quirements for co-movement. Co-movement is shown to hinge on the magnitude of the
consumption differential between the employed and non-employed and the relative impor-
tance of the intensive and extensive margin of labor supply. Enriching the model with
variable capacity utilization and habit formation are, either individually or in combination,
shown to weaken the requirements for co-movement; but are by no means necessary for our
central results. In all cases heterogeneity together with hours variation on the extensive
margin are necessary for co-movement. A representative-agent model with non-separability
in consumption and leisure cannot generate co-movement without violating concavity of the
utility function or the assumption of normality of consumption — see Bilbiie (2009). And
models with heterogeneous employment decisions and separable preferences, such as Roger-
son (1988), imply consumption is equalized across agents so that variations in employment
do not produce composition effects on aggregate consumption.

In this context, the paper evaluates the importance of disturbances to the marginal effi-
ciency of investment for business fluctuations in post-war U.S. data and their consequences
for macroeconomic co-movement. To confront the model with data most parameters are cal-
ibrated to match evidence from microeconomic data. Focus is given to the non-separability
between consumption expenditures and hours worked, which is shown to be in large part

determined by the average consumption difference between employed and non-employed.



Using evidence from available literature — Aguiar and Hurst (2005) and Aguiar and Hurst
(2008) — and estimation exercises based on data from the Consumer Expenditure Survey
gives an estimate of a 23 percent consumption differential. Regarding our second assump-
tion, to capture the dominant role of employment changes in explaining fluctuations in
aggregate hours it is assumed that the elasticity of individual hours worked to the real
wage is one third of the elasticity of employment: this implies a volatility of employment
relative to hours of roughly 80 percent, consistent with U.S. data as measured by the BLS
establishment survey covering the non-farm private business sector.

The model attributes economic fluctuations to four exogenous wedges: government pur-
chases, neutral technology, labor and investment. The wedge processes are estimated using
maximum likelihood with data on total hours, consumption, output and investment. Mak-
ing assumptions sufficient to identify innovations to the marginal efficiency of investment,
the results reveal a substantial fraction of business-cycle variation is accounted for by these
shocks — over 80 percent of variance in investment, hours and output, and roughly 50
percent of consumption — holding the other wedges constant.®> Importantly, the model
generates positive co-movement between all four variables in response to an innovation in
the marginal efficiency of investment. Our model provides a better fit to the data compared
to both our benchmark model with separable preferences over consumption expenditures
and market hours worked and also the standard real-business-cycle model.*

The role of investment shocks has been investigated using medium-sized dynamic sto-
chastic general equilibrium models embedding nominal price and wage rigidities, together
with assumptions about the conduct of monetary policy. As discussed in Justiniano, Prim-
iceri, and Tambalotti (2011), nominal rigidities coupled with sub-optimal monetary policy
can ease the co-movement problem by introducing endogenous inefficient fluctuations in

> However, even such richer frameworks do not offer a defini-

price and wage mark-ups.
tive solution. Justiniano, Primiceri, and Tambalotti (2011) demonstrate disturbances to

the marginal efficiency of investment account for a large fraction of business cycles in out-

3This is a property of our identification procedure. No ‘spillovers’ to other wedges are permitted, in
constrast to Christiano and Davis (2006).

4The benchmark model includes investment-adjustment costs, habit formation and variable capacity
utilization. These model features are not required for macroeconomic comovement but do improve model
fit. They are excluded in the standard real-business-cycle model.

%See also Bilbiie (2011), Furlanetto and Seneca (2010) and Hall (2011).



put, investment and hours but not in consumption. This reflects the lack of conditional
co-movement in response to an investment shock, despite having nominal frictions and an
ad-hoc monetary policy rule. More generally, as sub-optimal monetary policy is central to
resolving the co-movement problem, different assumptions about monetary policy can affect
the identified role of investment shocks in business fluctuations.®

An alternative route to ensure co-movement resides in preference specifications of the
kind proposed by Greenwood, Hercowitz, and Huffman (1988), which display consumption-
hours complementarity and eliminate wealth effects on labor supply. Jaimovich and Rebelo
(2009) delineate a modified version of GHH preferences consistent with long-term growth,
making it amenable for use in commonly studied models of the business cycle. However,
this preference structure implies negative wealth effects on leisure in the short-run, for
which little microeconomic evidence exists.” In addition GHH-type preferences used in
the business-cycle literature imply fairly strong complementarities between consumption
and hours, substantially above what is consistent with empirical evidence on the average
consumption differential of employed and non-employed.

This paper focuses on a reduced-form theory of the investment wedge and does not
attempt to provide microfoundations of more primitive disturbances to financial interme-
diation. Nonetheless, the co-movement results are quite general. Christiano, Motto, and
Rostagno (2013) introduce ‘risk’ shocks — exogenous fluctuations to idiosyncractic uncer-
tainty faced by entrepreneurs in creating productive capital with borrowed funds. These
shocks are shown to be a better candidate of primitive disturbance, because, unlike the mar-
ginal efficiency of investment shock of Justiniano, Primiceri, and Tambalotti (2011), they
generate predictions relating to asset prices that square with observed data. These shocks
have, however, the same implications as shocks to the marginal efficiency of investment for
the macroeconomic time series considered in this paper. Risk shocks are therefore subject
to the same co-movement problems, which our framework can address. More generally, the
assumptions explicated here would engender co-movement in models of uncertainty shocks
proposed by Bloom (2009) and Basu and Bundick (2012); models of disaster risk such as
Gourio (2011); and models of sovereign default such as Uribe and Yue (2006). Finally Eusepi

6See, for example, Gertler, Sala, and Trigari (2008).
"Jaimovich and Rebelo (2009) emphasize the role of short-run inferiority of leisure in generating comove-
ment. In their preferred preference specification the short-run is 37 years.



and Preston (2009), an earlier version of this paper, shows that under certain conditions the
model presented here induces co-movement in response to government spending and shocks
to future technological opportunities.

A final implication of our model concerns the labor wedge — see Shimer (2009) for a re-
view. Reflecting the improved empirical performance relative to standard real-business-cycle
theory, the model’s implied labor wedge accounts for limited variation in observed data at
business cycle frequency. This contrasts with the findings of Chari, Kehoe, and McGrattan
(2007) which argues that the labor wedge accounts for a substantial fraction of business
cycles while investment shocks play an insignificant role in both the Great Depression and
also postwar U.S. data. Our findings suggest that models of financial intermediation whose
implications manifest themselves in the investment wedge, such as Bernanke, Gertler, and
Gilchrist (1999), remain an important class of model to be developed. The source of differ-
ent conclusions is our model is not nested in the class of models they consider. In fact, our
model implies a Frisch demand system that is consistent with various theories of unemploy-
ment, unlike standard real-business-cycle theory, allowing connections to be made to recent
work by Hall (2009). Reinterpreting the model as a theory of unemployment, and using
the unemployment rate as an observed series, gives similar estimation results on the role of

investment shocks.

2 The co-movement problem

For a given level of TFP, real-business-cycle theory fails to produce co-movement between
hours and consumption. Consider the following equilibrium labor market condition, derived

under standard assumptions about preferences and technology,
o5 + (1 —a)a]InN, = (1 — ) nTFP, —InC; + (1 — o) aln K,

where ¢, > 0 is the Frisch elasticity of labor supply, 0 < a < 1 is the capital share in a
Cobb-Douglas production function, and N, C; and K, are hours, consumption and capital.
Capital is predetermined.

Without total factor productivity shocks, which shift the demand for labor, hours and
consumption must be negatively correlated. On the one hand, any shock inducing strong

substitution effects leads to a reduction in consumption and leisure to increase investment.



On the other hand, any shock generating positive wealth effects increases consumption
and leisure at the expense of investment. The real-business-cycle model predicts labor
and consumption can move together, if, and only if, labor productivity co-moves more than
proportionally to consumption. Joint expansion of total hours, consumption and investment
requires a sufficiently strong increase in aggregate total factor productivity. As shown in
Barro and King (1984) and Beaudry and Portier (2007a), this lack-of-comovement problem
is fairly general in neoclassical models. It is robust to different forms of capital accumulation,
including capacity utilization and investment-adjustment costs, and it holds in multi-sector
models that are commonly used in macroeconomics. Moreover, the problem persists in
medium-scale DSGE models which include various real and nominal rigidities and sub-

optimal monetary policy — see, for example, Justiniano, Primiceri, and Tambalotti (2011).

3 The model

We consider a single-good general equilibrium neoclassical stochastic growth model with the
following features.

Households. Each household is composed of a continuum of members. There is perfect
risk sharing within the household. The household decides whether a member will work (and
how many hours to work) or not, and participating in the labor market entails a cost. The
household also decides the consumption allocation of employed and non-employed members.
The maximization problem for the household is

E, Z pr—t [eT ‘U (C’fim nT) +(1—er) u (CZC:T, 0) —Oxr (eT)}

T—t
where
-0 _ _\©
u(Cg,n) = CH%(”U)l; v(n) = (1 + (0 — 1) kn'Ton ) (1)

i i L
e = C;—0C,_ fori=ene

with parametric assumptions o > 1,k > 0, ¢;1 > 0and b > 0. n € [0, 1] is the number of
hours worked. The variable e; denotes the fraction of household members that are working

and household consumption is defined as
Ct = etC'f + (1 - et) Czw (2)
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where Cf denotes consumption of employed members and C}*¢ is consumption of the non-
employed. Following Abel (1990), household utility depends on lagged aggregate consump-
tion, as in the “catching up with the Jonses” version of habit formation, giving habit-
adjusted consumption C};’t. The function ®x; (e;) denotes a time-invariant cost of partic-
ipation, which we keep distinct from the disutility incurred from hours worked — see, for

example, Cho and Cooley (1994). It has the properties
Dx;(er) = X! 7P (e;), where @’ (e;), D" (e;) > 0.

For a balanced-growth path to exist, the cost function is discounted by the level of labor
augmenting technical progress X, where In(X;) — In(X,_1) = ~,, with steady state 7 > 1,
and statistical properties to be described.

Each household is subject to the budget constraint
Ct + It = RfUth + (1 — Tw,t)WtNt — ,_Tt

where W; denotes the real wage, 7,,;+ denotes exogenous labor income taxes and T} is lump
sum taxes which finance exogenous government spending ;. There is no public debt. The
total number of hours worked is N; = e;n;. The household supplies capital services to
firms at the competitive rental rate RX. Capital services depend on the available stock of
capital K;, current investment I;, and on the degree of utilization U;. The law of capital

accumulation is

Koy = o], [1 _ ¢ (Ii)] =0 (U] K, (3)

t—1

where 11, is an investment wedge affecting the marginal efficiency of investment. Investment-

adjustment costs in (3) depend on the function ¢ (-) which satisfies

6(1)=¢'(1)=0 and ¢" (1) >0,

Finally, capital depreciation depends on the degree of capacity utilization according to the
function
5(0) =6, 8 (0) >0 and & (U) > 0.
Risk sharing. The necessary conditions for optimality are detailed in the appendix.
We here discuss two important assumptions and their implications for optimal consumption

allocations. The remaining properties of optimal household decisions are introduced later in
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the text as required. The first-order conditions with respect to consumption of the employed
and non-employed imply the risk-sharing condition

Cy = bCia 147!
— =1 —1 n 4
C[Le . thfl + (U )K’nt ) ( )

so that employed members enjoy more consumption in compensation for the disutility of
work effort. This compensation depends on the degree of nonseparability between consump-
tion and leisure, which in turn varies with the curvature parameters ¢ and ¢,,.

Nonseparability and perfect insurance. The utility function (1) is a reduced-form
model of home production which assumes complementarity between consumption expendi-
tures and hours worked. It is a standard utility function of the form suggested by King,
Plosser, and Rebelo (1988) and recently adopted in Shimer (2009) and Trabandt and Uhlig
(2009). In particular: (i) it is consistent with long-run growth; (ii) it features a constant
Frisch elasticity of labor supply and a constant intertemporal elasticity of substitution of
consumption (net of habit); and iii) it has a flexible enough functional form to calibrate the
degree of consumption-hours complementarity consistently with microeconomic evidence —
a key difference from preference structures of the kind proposed by Greenwood, Hercowitz,
and Huffman (1988).

In this model the joint behavior of consumption expenditures and labor supply are
implicitly driven by substitution between market-produced and home-produced goods. This
assumption is motivated by recent research suggesting that: i) households substitute between
market and non-market work over the business cycle; and ii) labor supply decisions drive
work-related consumption expenditures, which are a significant component of non-durable
expenditures. Using the American Time Use Survey, Aguiar, Hurst, and Karabarbounis
(2011) show that in the past recession households reallocated a substantial fraction of market
work to non-market activities, such as home production and maintenance, shopping time,
care for other adults and child care. In particular, they suggest that the bulk of this
reallocation was tied to changes in employment status. Aguiar and Hurst (2008) show
that the hump-shaped profile of nondurable consumption expenditures over the life-cycle is
almost entirely accounted for by a decline in work-related expenditures, which cover roughly
60% of nondurable consumption expenditures. These comprise clothing and transportation,

which are inputs into market labor supply and food away from home, which is directly



linked to home production activities. They provide evidence that the drop in work-related
expenditures after middle age is almost entirely driven by labor supply decisions.

The assumption of perfect insurance greatly simplifies the analysis and gives emphasis to
the observed relation between consumption and hours worked as coming from non-separable
preferences and not incomplete financial markets. There is much evidence that temporary
income shocks are well insured, while permanent shocks are only partially insured — see At-
tanasio and Davis (1996), Blundell, Pistaferri, and Preston (2008) and Heathcote, Storeslet-
ten, and Violante (2011). Two observations about this evidence are warranted, relating to
the adoption of non-separable preferences. First, Aguiar and Hurst (2008) demonstrate that
estimates of the importance of uninsured permanent shocks to income in explaining con-
sumption dispersion over the life-cycle is inflated by failing to account for non-separabilities.
Second, taking data from the Consumer Expenditure Survey, Heathcote, Storesletten, and
Violante (2011) document a positive correlation between hours and consumption in the
cross section of households, after controlling for income dispersion arising from partially
insurable permanent income shocks. Non-separability can account for the positive correla-
tion between hours worked and consumption. Regardless, we view perfect insurance as a
tractable approximation to reality in the spirit of Hall (2009).

Firms. Output is produced by perfectly competitive firms with the Cobb-Douglas
production function

Y, = (UKy)* (X Ny e (5)

where X; denotes labor-augmenting technical progress. Firm demand for labor and capital

services are given by

Y,
K t
i =g (6)
and
Y,
= (1—a)-t.
W= (1-a) N, (7)

This completes the description of the model.

4 Investment Shocks and the Business Cycle

The economy evolves in response to fluctuations in four exogenous processes: technology

7. labor income taxes T,,;; government purchases G;; and disturbances to investment .



Primary focus is on the investment disturbances, u,, which are identified as innovations to
the marginal efficiency of investment — details are described in section 7.1. This emphasis is
motivated primarily by Gilchrist, Ortiz, and Zakrajsek (2009) and Gilchrist and Zakrajsek
(2012) which show that movements in credit spreads and, in particular, excess bond premia,
have statistically and economically significant implications for economic activity in the U.S..®
Increases in excess bond premia lead to a significant decline in consumption, investment and
output. Moreover, orthogonalized shocks to the excess bond premium can explain a non-
trivial part of business fluctuations. Fisher (2006) also provides evidence that investment
shocks, measured from the relative price of investment data in Cummins and Violante (2002),
are an important determinant of business fluctuations.

As in Chari, Kehoe, and McGrattan (2007), Christiano and Davis (2006) and Justini-
ano, Primiceri, and Tambalotti (2011) we interpret these shocks as measuring fluctuations
in the equilibrium supply of credit affecting the creation of productive capital. Movements
in the marginal efficiency of investment have similar implications for consumption, output,
investment and hours as a shock to the efficiency of the financial intermediation process
in Bernanke, Gertler, and Gilchrist (1999)-type models where financial frictions are explic-
itly modelled. Both models suffer from the co-movement problem described above. As
documented in Christiano, Motto, and Rostagno (2013) and Gilchrist and Zakrajsek (forth-
coming), shocks to the efficiency of financial intermediation are better candidates to explain
business cycles because, in contrast with shocks to the marginal efficiency of investment,
they have implications for asset prices that are consistent with the data. The focus on
marginal efficiency of investment shocks in this paper reflects the aim to keep the model as
simple as possible; the results discussed below also apply to a model where financial frictions

are more fully developed.

5 Non-separability, employment and co-movement

This section outlines the basic mechanism generating co-movement. Using a special case
of the model, analytic results on the conditions for co-movement are presented. Various

extensions are then discussed.

8Looking at financial variables during the 2007-09 crises, movements of these spreads are shown to be
connected to changes in the supply of credit.
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5.1 Simple example

To provide intuition for the co-movement result, consider a special case of the model with no
investment-adjustment costs, no habit formation, no capacity utilization and no intensive
margin of labor supply. Assume for simplicity of exposition that there is a fixed cost of
participating so that ®. () — 0. Lastly, assume that X; = 1 and 7,,; = G; = 0. Details of
the log-linearized model are described in the appendix.

Following Beaudry and Portier (2007b), exploit the model’s intratemporal conditions to
derive parametric restrictions required for co-movement between consumption, hours and
investment. When employed members of the household work a fixed number of hours 7, the

first-order condition for employment requires

Co— = me. (8)

The first-order conditions for consumption allocation imply
Cy _
ZL =14 (0 —1) kA" (9)
Ci

which states consumption of the employed and non-employed move proportionally. Ag-

gregate consumption and the real wage are defined as in (2) and (7), while the aggregate

resource constraint is

Ci+ 1, =Y,
Log-linearizing these intratemporal conditions and rearranging using steady-state re-
strictions yields the constant-consumption aggregate labor supply condition

(1—-w) -
1+ (el —1) o (10)

ét:Wt+

where N; = fie; and w = C™¢/C° is the steady-state ratio of non-employed-to-employed
consumption and for any variable x;, #; = In(z,/Z) the log-deviation from steady state.
When w = 1, equivalently o = 1, preferences are separable in consumption and leisure.” The
consumption of employed and non-employed are then equal and the model implies a perfectly
elastic labor supply, as in Hansen (1985) and Rogerson (1988). With 0 < w < 1, employed

members of the household consume more than the non-employed. This induces a positive

9The relationaship between o and w is shown formally in the appendix.
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relationship between aggregate consumption and total hours supplied to the market, for a
given real wage. Recall real-business-cycle theory implies a negative correlation. It is this
distinction, now analyzed in detail, that permits co-movement for non-TFP disturbances.
Since capital is predetermined in the current period, (7) implies a negative relation
between the real wage and the number of hours worked. In log-linear terms, and ignoring

terms in the capital stock,

A

Wt = —OéNt.
Substituting this expression into (10) yields the relation
Cy = m,N, (11)

between total hours and aggregate consumption, where

B (1—-w)
1t (el -1w

My, — Q.

The constant m, comprises two terms. The first is positive, indicating that an increase
in hours worked increases aggregate consumption because the fraction of employed rises,
and the employed consume more in equilibrium. This is a composition effect arising from
consumption heterogeneity to which discussion will return. The second term is negative,
reflecting that decreasing returns to the labor input imply increases in hours decrease the
real wage, with concomitant declines in aggregate consumption. Sufficiently low values of w
guarantee positive co-movement between consumption and total hours worked.

Combining the resource constraint, the production function and (11) yields the relation
between investment and hours worked

I. C .
7.& = <]_ — X — 7mw> Nt (12)

where I, C and Y are the steady-state values of investment, consumption and output.

19" The joint dynamics of

The coefficient on employment is positive and increasing in w.
investment and hours place no additional requirements for co-movement. The following

proposition summarizes the result.

ONote that for w — 0,

g(Ma)ﬁgaakam-
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Proposition 1 For a given é € (0,1) and a € (0,1), there exists an w* such that for 0 <
w < w* the economy displays positive co-movement between aggregate hours, consumption
and investment.

It is worth pointing out that perfectly elastic labor supply does not imply co-movement.
Consumption heterogeneity from the non-separability of leisure and consumption is central

to the result.

5.2 Some Generalizations

Two extensions permit analytical results: the inclusion of capacity utilization and habit
formation. Both enhance co-movement. Neither generates co-movement if w = 1, that is if
Cne = Ce.

Capacity utilization. Capacity utilization increases the ability of the model to generate
co-movement by mitigating the effects of diminishing returns to labor input. Combining
log-linear approximations to the first-order condition for capital utilization in the household
problem

MtRf( = 0" (Uh)

and (26) gives
o (1 —a) Ny + 1
! €&+ 1—a
where 5 = 6" (U) U/&' (U) > 0. The wage then can be expressed as

o 1 —« N
Wy=|————-1|aN;+ ——— i,
! (65+1—oz )a t+65+1—a#t
which, substituted into (10), yields
A . a
Cy =myNy + ——— |
t = My, INy + - oz'ut

where

_ (1—-w) ) l—a
My, = — -«
Yol+ (el - 1w &+1—a
It is evident that m, > m, so that co-movement can be obtained for higher values of
w. These expressions nest the results for the model without variable capacity utilization.

Specifically, when e¢; — 00, so that depreciation costs become infinitely elastic with respect

to utilization rates, the relation between aggregate consumption and hours is the same
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as above, that is: m, = m,. Conversely, as ¢s — 0, depreciation costs become completely
inelastic and co-movement is guaranteed for every w < 1. Furthermore, co-movement obtains
because O N, /Ofu, is positive in equilibrium, as households intertemporally substitute labor to
take advantage of higher marginal efficiency of investment. The relation between investment

and hours becomes

L = [(1—a) (1+65++—a) —%mw} N, + (1—%) ﬁﬂt.

In this case, it is straightforward to show that, for a given ji,, co-movement between
total hours and investment is guaranteed for every value of ;.

Habit formation. Consider now the simple model where only habit formation is added.

Using the first-order condition for employment, individual consumption of employed and

non-employed, and the definition of aggregate consumption, provides

ét:mth
where
- (1 -w)
- = — (1 —=0) .
" I+ !'—1Nw ( Jo

As in the case of capacity utilization, habit formation per se does not generate positive
co-movement. Coupled with non-separable preferences and the extensive margin it facilitates
co-movement by making some part of current consumption predetermined. This weakens
the effect of variations in the real wage on aggregate consumption. Similarly, the relation

between investment and hours becomes!!
I . C .
—L=(1—a——=m, | N.
ph=(1-a=F) &

The discussion above can be summarized by the following proposition.

Proposition 2 Consider the model with habit formation and capacity utilization:

1) for w =1, m, < 0 independently of €5 and b;

2) forw < 1, %—g<0and%>0,

where w* is such that for 0 < w < w* the economy displays positive co-movement between
aggregate hours, consumption and investment.

{Q

1 Again, a sufficient restriction for positive comovement between hours and investment is & < 1 — «. In

N Y
a plausible calibration values of w > 0.5 imply positive comovement even if % >1—a.
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To give an idea of the role of w in a model with both capacity utilization and habit
formation, suppose o = 0.32, € = 0.78, ¢5 = 0.404 and b = 0.35. Then positive co-movement
obtains for values of w as high as 0.9. This suggests that co-movement can be obtained for
reasonable values of w. This is discussed further in the calibration section.

Intensive margin. Thus far it has been assumed that variations in total hours are
driven only by changes in employment. However, in U.S. data, the intensive margin plays
a non-negligible role in explaining movement in hours worked. It is therefore important to
include this margin to evaluate properly the strength of the proposed mechanism.

We restrict preferences to be consistent with both concavity and normality of consump-
tion and leisure. The necessary restriction on preferences are described by the following
proposition, employing the definitions, s, = C°¢/C, the share of employed consumption in
aggregate consumption, and ¢ = W N /C, the steady-state labor income flow over aggregate

consumption.'?

Proposition 3 Let ¢, be the Frisch elasticity of the supply of hours worked. Assume ws, —
by~le > 0 and let ¢, = % For0 < ¢, < ¢,
1) the utility function is concave;

2) consumption and leisure are normal goods.

Because of the restrictions imposed by concavity and normality, the intensive margin
has important implications for co-movement. Log-linearizing the first-order condition for

individual hours
Cte — bOt—l 174 (nt)

=W,
o—1 v(ng) ‘
gives the constant-consumption labor supply equation
(62t = 8,1 ) e = Wi = s (s — by ) ' G (13)

where lagged aggregate consumption is predetermined and therefore ignored. Given the
restrictions on preferences from proposition 3, (13) shows that normality of preferences
implies a negative relation between individual hours and individual consumption absent

technology shocks — see Bilbiie (2009).!* Introducing the intensive margin necessarily

12The restrictions are derived by studying the curvature of the utlity function at the steady-state. They
have therefore only local validity. See the appendix for details.

13The final two terms in brackets are irrelevant to comovement because one is predetermined and the
other exogenous. Also note that the term s, — &by~ ! is assumed to be positive to ensure marginal utility of
consumption is positive in steady state.
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weakens co-movement. However, the non-separability of preferences implies a smaller effect
on consumption from a change in hours worked than in the standard case of separable
preferences where ¢, ' = 0. This property of non-separable preferences reveals the extensive
margin as crucial in obtaining co-movement.

Aggregate consumption satisfies the log-linear approximation

C, = seéf + (1 —s¢) C’f + (1 — w)seéy.
It depends on the weighted sum of the individual consumption of the employed and non-
employed, and also the employment rate. Changes in participation generate a composition
effect on aggregate consumption. The magnitude of this effect depends on w, the con-
sumption share of the non-employed. In the case of equal consumption of employed and
nonemployed, w = 1, there is no employment effect on aggregate consumption. In the case
where most fluctuations in total hours are determined by the intensive margin, é; =~ 0,
there is similarly no composition effect, and aggregate consumption would mimic individual
consumption, as in standard real-business-cycle theory. In this case the assumed normality

of preferences would induce negative co-movement between consumption and hours.

6 Calibration of the Benchmark Model

The model is calibrated to U.S. data. The time period is a quarter. We set the discount
factor 5 = 0.99, the capital share a = 0.32 and the depreciation rate of capital to 6 = 0.025.
These parameter values are common in the real-business-cycle literature. The steady-state
ratio of government spending to output is §/y = 0.2, roughly consistent with the nondurable
consumption- and investment-to-GDP ratios in our sample. Concerning the elasticity of
capacity utilization, we follow Greenwood, Hercowitz, and Huffman (1988) and set €5 =
5" (U) /s (U) =60 — 1 = 0.404 as implied by the model’s steady state.

Labor supply. The steady-state fraction of household members that participate in
the labor market is € = 0.78, in line with the prime-age (between 25 and 55 years old)
employment-to-population ratio since the 1980s. The Frisch elasticity of hours is ¢,, = 1 and
the Frisch elasticity of employment is given by ¢, /¢, = 0.3. The elasticity of labor supply

on the intensive margin is consistent with a large range of evidence — see Hall (2009) for a
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review. Together with the extensive margin it implies an aggregate labor supply elasticity
of 4.33, roughly twice as large as the standard real-business-cycle calibration with only
an intensive margin. The choice of the elasticity of labor supply at the extensive margin
approximates the observed relative volatility of employment to total hours in the data.!*
Consumption of employed and non-employed. The baseline specification assumes
w = 0.77, implying that non-employed members of the household consume 23% less than
employed members. The number is motivated by the following exercise. We use CEX data
on U.S. household expenditures for 1980 — 2007.'> The data set includes a representa-
tive sample of household expenditures, wages and hours worked. Restricting attention to
households where the head is prime age, the sample is divided into two groups: households

5" percentile) and

that work less than 2040 hours in a year (which corresponds to the 2
the rest. This threshold approximates the labor supply of one member of the household’s
full-time equivalent attachment to the labor market. Because the wage is included in the
estimation, the number of hours worked in each household is restricted to be positive. The
inclusion of wages helps control for differences in permanent income. Different measures of
nondurable consumption are then regressed on a dummy variable, defined by the number
of hours worked, and several control variables. The dummy measures by what percentage
consumption is higher for the group that works more than 2040 hours per year. The control
variables include, age, education, race, region, number of household members, wages and
years.

Table 1 shows the estimates and associated 95% confidence intervals. Four regressions
are reported. The first row gives estimates of the coefficient on the dummy variable for
two different samples. Using non-durable expenditures identifies a 25 percent difference
in consumption expenditures between employed and non-employed households. The final
column gives the associated confidence interval. When the sample is restricted to those
households supplying at least 260 hours worked a year, the estimate is 23 percent. The
bottom rows give results for a broader measure of expenditures which include an estimate
of the service flow from vehicle and housing purchases. Similar results obtain. Evident

in these results is the strong correlation in the cross-section between hours worked and

HSimilar calibration is used in Dotsey and King (2006). See also Table 5 below.
15We thank Gianluca Violante for suggesting and providing the data. The data used here are from
Heathcote, Perri, and Violante (2010). A detailed description of the dataset can be found in that paper.
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consumption expenditures at the level of the household.

Table 1. Consumption and hours worked in CEX data

Coefficient on

Dummy 95% C.I
Nondurable expenditures*
Full Sample 25% 24%, 27%
Hours Restricted 23% 22%, 25%
Nondurable expenditures”
Full Sample 30% 29%, 31%
Hours Restricted 27% 26%, 29%

Note: * denotes nondurable expenditures only. ** denote nondurable expenditures with

estimate of the service flow from vehicles and housing.

How do we interpret the results? There is a discrepancy between model-based
and data-based concepts of consumption. Our model is not a theory of within household
behavior, and, moreover, the data do not allow us to measure the consumption of individual
members of the household. What we measure is the ratio of total consumption of households
working less than 2040 hours to the total consumption of households working more than

2040 hours. That is

1 2
Cratio _ Cr<aoso  Cr<ooao + Chi<a0a0 (14)
e e + C?
H>2040 H>2040 T Chr=2040

with obvious notation, and where the second equality makes clear the dependency of to-
tal household consumption on individual consumption. From this household-level quantity,
defined by the first equality, we wish to infer an individual-level quantity — the consump-
tion differential between employed and non-employed individuals — implicit in the second
equality. In conducting this inference two points warrant note. First, the number of hours
worked when computing this ratio is not necessarily zero as assumed in the model for the
non-employed. This tends to understate the decline in consumption when transitioning
from employment to non-employment. Second, the ratio depends on the allocation of con-

sumption within the household. For example, suppose that the denominator in the right
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most expression in (14) describes the consumption of two working members of the house-

hold, while the numerator describes one member working full time and one not working or

working less hours. If each household member has the same amount of consumption then
oo _ O™

Ce

where a household with only one member employed consumes less. If instead household

members have different consumption levels related to the hours each works then

cre+Ce 1+ 0me/Ce

C«'ratz’o —
2C° 2 ’

which implies an even lower C"¢/C*®. The baseline calibration takes a cautious approach,
assuming perfect insurance within the household and setting the ratio between employed and
non-employed consumption to be equal to 0.77% — the smallest consumption differential
implied by the estimates in Table 1. Finally, our finding are roughly consistent with Aguiar
and Hurst (2008), documenting in the CEX that nondurable consumption expenditures peak
in middle age and are 25% higher than at 65; this drop in expenditures is shown to be closely
linked to labor supply choices after middle age, and in particular retirement.
Preferences. Using the steady-state restrictions of the model, the first-order condition

with respect to employment yields

71 N\ —
A R P 1L

where the marginal disutility of working can be expressed as a fraction ( of after-tax wage

earnings

1 D, (_é) € _ C(1—7y,)wN — .

G —

The parameter 1, denoting total wage compensation (after taxes) as a fraction of total
consumption, is set equal to 0.85, roughly in line with the share of wages over nondurable
consumption in the U.S.. In steady state, it implies a labor-tax wedge of 7, = 0.3. In
addition, steady state implies the restriction 1 — ¢ = 1/(1 4 ¢, '), which defines the value

of not working as a fraction of the flow value of employment (net earnings).'® For example,

16This can be seen by inspecting the steady-state employment first-order condition:

[w(@,0) —u (e, AN+ — & = (1—Fp)wn(l—0).
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a value of ( closer to zero would correspond to the calibration of Hagedorn and Manovskii
(2008). Our calibration of ¢,, = 1 yields ¢ = 0.5, which is close to the values used in Hall
(2005) and Shimer (2005).
For a given value of w, the parameter ¢ is obtained by the steady-state relationship
(1—w)y s,
1-¢

which gives 0 = 1.8. This parameter implies a positive Frisch cross-elasticity of consumption

cl=1-

with respect to the real wage, which is equal to
b (1— o) Sﬂ — 0.46,
consistent with values used by Hall (2009) and Trabandt and Uhlig (2012). This cross-
elasticity depends both on ¢ and the Frisch elasticity of labor supply.
For the external habit parameter we assume b = 0.35, consistent with the empirical evi-
dence in Ravina (2011). The implied intertemporal elasticity of substitution for consumption
is

IES® =071 (1 — éi_lbs_l) =0.37

e

for the employed agents and
IES™ =o' (w—ey 'bs.') =0.32

for the non-employed. To put this in perspective, the IES of a representative agent with
separable preferences, but with a higher habit parameter (i.e. b = 0.7 as usually estimated
in DSGE models) is lower than 0.3. Finally, we set a low level of investment adjustment
costs, with ¢” = 0.2, delivering a gradual and hump-shaped response of investment and
hours investment shocks. This is consistent with empirical evidence from structural VARs in
Fisher (2006) and Gilchrist and Zakrajsek (2012). The benchmark calibration is summarized
in Table 2.

Table 2: Benchmark Calibration.
w B ¢, ¢ D)0 €5 @' (1) e b a 0 Y o
0.77 0.99 1 0.5 0.3 0.404 0.2 0.78 0.35 0.32 0.025 1.0041 1.8
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7 Macroeconomic Co-movement

This section provides a quantitative evaluation of the model. The estimated model es-
tablishes that innovations to the marginal efficiency of investment are an important driver
of business cycles, accounting for a substantial fraction of observed variation in consump-
tion, hours and investment. Conditional on such disturbances the model exhibits positive
co-movement which is the source of empirical success. Reflecting this success, the model

implies a smaller labor wedge at business-cycle frequency than real-business-cycle theory.

7.1 Estimation and model evaluation

This section evaluates whether shocks to the marginal efficiency of investment can generate
business fluctuations observed in the U.S. post-war period. The model’s four disturbances
Zy = < Y TH, G‘t, il )l are estimated using quarterly data on real GDP, consumption,
investment growth, and total hours worked over the sample 1955Q1-2010Q3. The variables
are constructed as follows with Haver Analytics codes in parenthesis. Output is real gross
domestic product (GDPH); nominal consumption is computed as the sum of nondurable
goods (CN) and services (CS); nominal investment is the sum of private nonresidential
investment structures (FNS), equipment and software (FNE), private residential investment
(FR) and consumption durable goods (CD). Consumption and investment are converted to
real terms using the GDP deflator (GDP/GDPH). Total hours corresponds to the Francis
and Ramey (2009) measure: it displays smaller low-frequency movements compared to non-
farm business total hours from the establishment survey because it accounts better for
sectoral shifts in hours and changing age composition in the working-age population. All
variables are divided by the civilian non-institutional population (age 16 and older).

The benchmark model assumes the disturbances evolve according to the data-generating
process

Zy=PZi 1+ Vn, n,~N(0,1) (15)

where the following assumptions are made: i) the matrix P has three restrictions: P(1,4) =
P(2,4) = P(3,4) = 0; and ii) the matrix V is lower triangular. The first assumption
guarantees that the lagged investment wedge does not affect any of the other wedges. Given

the order of the variables, the second assumption insures that innovations to the investment
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wedge have no contemporaneous effect on the other wedges. This specific identification
measures investment shocks which are orthogonal to movement in the other wedges. This
makes it possible to evaluate the role of investment shocks in explaining the U.S. business
cycle, holding other wedges constant.

Similar in spirit to Chari, Kehoe, and McGrattan (2007), two other identification strate-
gies are considered. One leaves P unrestricted. The other assumes P and V' are diagonal
matrices giving independent wedges, which serves to identify all shocks. The model is es-
timated using maximum likelihood. The point estimates of P and V together with the 5
and 95 percentiles of 500 bootstrapped replications can be found in the appendix.

Discussion. It is useful to compare the approach of this paper to Chari, Kehoe, and
McGrattan (2007) and Christiano and Davis (2006). Chari, Kehoe, and McGrattan (2007)
do not identify shocks but focus on wedges — which in principle are linear combinations of
the fundamental innovations. Consistently, their paper focuses on the unrestricted version
of (15) and evaluates the evolution of each wedge over the business cycle, holding other
wedges constant, finding a prominent role for the labor wedge. Our model’s implications
for the labor wedge are discussed below. Christiano and Davis (2006) explicitly identify an
investment shock from an unrestricted version of (15) but follow an alternative identification
strategy. Instead of identifying orthogonal movements in the investment shock relative to
other wedges, the approach adopted in this paper, they allow shocks to the investment wedge
to have spillover effects onto the other wedges. They identify the effects of the investment
shocks by locating the rotation matrix from wedges to innovations that maximizes the
role of innovations to the investment-specific technology shock. They find that investment
shocks have an important role in business-cycle fluctuations; however, the spillovers from
investment shocks to other wedges are important to their result.

Model fit. To evaluate model fit, Table 3 compares the likelihood from the baseline

model with several alternatives.

22



Table 3: Model Evaluation

Baseline model
Identification: Restr. VAR Unrestr. VAR Indep. wedges
In-L —146.37 —142.76 —262.36

Restricted VAR
Model: Baseline Separable RBC
In-L —146.37 —166.85 —183.01

The top row compares the baseline model with alternative assumptions about the data-
generating process for the wedges in (15). The unrestricted model performs slightly better:
a likelihood ratio test on the three restrictions yields a P-value of 0.065, indicating that
the restrictions are not rejected by the data at conventional confidence levels. To put this
in perspective, a model with fully independent wedges is strongly rejected by the data. A
likelihood ratio test of the fifteen restrictions results in a P-value of zero. The difference in
fit is also apparent by direct inspection of the log-likelihoods.

The bottom row compares our baseline models with two alternatives. The first model
shares the same baseline specification but for the assumption of separable preferences (which
implies 0 = w = 1). The second model is the standard real-business-cycle model with
separable preferences, no capacity utilization, habit formation or investment-adjustment
costs, and an aggregate elasticity of labor supply of 2. As formal statistical tests are not
possible across these models, comparing the likelihoods of the model strongly suggests that
the baseline specification provides a better fit to the data.

Business cycle moments. Table 4 compares model-generated business cycle moments
with the U.S. sample, with 5" and 95" percentiles of 500 bootstrapped replications in
parenthesis. The statistics are obtained by detrending both model-generated and sample

variables using the HP-filter.
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Table 4: Moments

Data Baseline Data Baseline

100- 0y 1.63 1.77 p(I,Y) 0.85 0.94
(1.57,1.98) (0.93,0.96)

0.53 0.48 N, Y) 0.87 0.88
ocloy (0.43,0.52) p(N.Y) (0.84,0.91)

orfoy 382 352 ooy 080  0.77
(3.38,3.69) (0.75,0.80)

onjoy 095 078  on/on 040  0.25
(0.74,0.83) (0.24,0.27)

c)Y 0.77 0.73 0.47 0.89
p(C.Y) (0.65,0.81) ple.n) (0.71,0.93)

The model produces familiar business-cycle statistics. Business-cycle moments for indi-
vidual weekly hours and employment (as measured by the BLS establishment survey covering
the non-farm private business sector) are included even though they are not used in esti-
mation. The model provides a reasonable characterization of the data. However, the model
predicts individual hours and employment to be highly correlated while, in the data, individ-
ual hours display roughly half of the correlation with employment. This explains a relative

standard deviation between individual hours and employment of about 25%, compared to

40% in the data.'”

7.2 Investment shocks and the business cycle

As explained in the previous section, our identification of investment shocks permits evalu-
ating their role in U.S. business cycles, holding other wedges constant. Table 5 shows what
fraction of the variance of each model variable is explained by investment shocks.'® Numbers

in parenthesis are 90% confidence intervals computed using bootstrapped estimates.'’

17Permitting exogenous fluctuations in the marginal cost of participation would likely induce a negative
correlation between individual hours and employment, reconciling the model with the data.

18The variance decomposition is calculated using 5000 replications of simulated time series with sample
size corresponding to the data.

19Given that the estimate of the autocorrelation coefficient in the investment wedge lies at the boundary, it
was kept fixed at its estimated value when computing the bootstrapped estimates of other model parameters.
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Table 5: Variance Decompositions

C H Y I

Baseline

% var from p,  0.48 0.80 0.94 0.90

(0.36,0.56)  (0.67,0.84) (0.81,0.96) (0.76,0.93)

Separable Preferences

% var from p,  0.08 0.82 0.93 0.94
(0.06,0.10)  (0.69,0.87)  (0.79,0.96)  (0.81,0.96)

Baseline RBC

% var from p,  0.24 0.21 0.05 0.17

(0.18,0.31)  (0.15,0.25)  (0.04,0.06) (0.12,0.21)

Remarkably, a single shock explains the bulk of business fluctuations for the post-war
U.S. economy. The top row shows the variance decomposition corresponding to the baseline
model. Investment shocks explain about 40% — 50% of overall consumption variation at
business-cycle frequencies; at the same time they account for at least 70% of business-cycle
fluctuations in hours, output and investment. Perhaps not surprisingly, the model with
separable preferences, w = 1, does as well in explaining the variance of hours, output and
investment but fails to account for fluctuations in consumption, with a maximum share of
variance of 10%. This reflects the co-movement problem inherited by models with separable
preferences. Finally, in the standard RBC model, investment shocks do not play an impor-
tant role, confirming a well-known result documented in Hall (1997) and Chari, Kehoe, and
McGrattan (2007).

Figure 1 compares the evolution of year-on-year growth in consumption, output, in-
vestment and total hours in the data (red dashed line) and in the counterfactual evolution
of these series in the model driven by investment shocks only (black solid line). Investment
shocks explain most of the decline, and subsequent recovery, in the growth rate of output,
investment and total hours. Recessions, delineated by the grey areas, correspond to NBER
dating. At the same time, consumption growth is predicted to fall in all recessions; invest-
ment shocks also account for a substantial part of the declines in consumption. For example,

they explain over one third of the sizable decline in consumption in the current recession.
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Figure 1: Investment shocks and US business cycles. The figure shows the evolution
of consumption, output, investment and hours growth in the data (red dashed line) and

in the baseline model with investment shock only (solid black line). Shaded areas denote
NBER recessions.

The model’s success stems from its ability to capture macroeconomic co-movement. This
is also seen by inspecting the labor wedge implied by the three models, displayed in Fig-
ure 2. The left-panel shows the labor wedges in deviations from steady-state values, while
the right-panel displays the HP detrended wedges. The labor wedge in the baseline model
(black solid line) displays remarkably less business-cycle variation compared to the real-
business-cycle (red dashed line) and separable-preferences (blue dashed line) alternatives.
The labor wedge in the model with separable preferences improves somewhat over the real-
business-cycle model because of the higher labor supply elasticity, but it still fails to account
properly for the evolution of consumption. However, even the baseline model retains some
countercyclical fluctuations in the labor wedge, largely reflecting the fact that half of con-
sumption fluctuations remain unaccounted for. In addition, it is worth underscoring the
model described here is not nested in the class of models considered in Chari, Kehoe, and
McGrattan (2007): this explains why the labor wedge does not play as a big role. Finally,
the labor wedge embodies significant low-frequency movement. For a possible account of

this feature of the data see Shimer (2009).
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Figure 2: The labor wedge. The figure shows the evolution of the labor wedge for the
baseline model (black solid line), the model with separable preferences (blue dashed line)
and the RBC model (red dashed line). The left panel displays the labor wedge in percentage
deviations from its steady state. The right panel shows the evolution of the HP-detrended
labor wedge. The shaded areas denote recessions.

To gain further insight on the propagation mechanism of the model, figures 3 and 4
show impulse responses to a one percent increase in the investment wedge innovation. Fig-
ure 3 contrasts the response of aggregate consumption, output, investment and total hours
worked in the three alternative models discussed above. In the standard real-business-cycle
model (red dashed line) consumption drops substantially, reflecting the absence of capacity
utilization, habit formation and investment-adjustment costs, and the lower elasticity of
labor supply. The model with separable preferences (blue dashed line) produces impulse
responses for output, hours and investment that are similar to the baseline model (black
solid line) and consistent with the behavior of these variables over the business cycle. Con-
sumption increases but its dynamic adjustment is fundamentally different to the baseline
model, where aggregate consumption increases together with total hours and investment.
This explains the inability of the model with separable preferences to account for business
cycles in consumption. In particular the baseline model produces hump-shaped impulse
responses for all variables, including, consumption, in line with empirical impulse responses
to “investment shocks” in Fisher (2006) and Gilchrist and Zakrajsek (2012).%

Figure 4 shows the response of the individual components of consumption (left-panel)

and total hours (right-panel). The consumption of both employed and non-employed agents

20Tn Fisher (2006) the shock is identified from a measure of the relative price of investment. In Gilchrist
and Zakrajsek (2012) it is measured from corporate spreads — see discussion in section 4 above.
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Figure 3: Impulse response to investment. The figure shows the impulse response to
a one percent increase in the investment wedge. The solid black line denotes the baseline
model, while the dashed blue and red line describe the model with separable preferences
and the RBC model respectively.

rises but by significantly less than aggregate consumption, which also depends on the number
of employed in the economy. Both employment and individual hours increase in response to
an investment shock, with employment explaining roughly two-thirds of the overall increase
in total hours.

To summarize, this section establishes shocks to the marginal efficiency of investment
to be a quantitatively important source of business fluctuations. The foundation of this
empirical relevance is the presence of co-movement: conditional on such disturbances, hours,

consumption and investment rise in booms and fall in recessions.

8 Robustness

The following section reveals that the central findings are robust to alternative parameter
configurations and the adopted identification strategy. As a final exercise we show our model
can be mapped into the model of unemployment proposed by Hall (2009). So reinterpreted,

use of unemployment data in estimation confirms our benchmark findings.
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Figure 4: Impulse response in the baseline model: consumption and hours . The
figure shows the impulse response to a one percent increase to the investment wedge. The
left panel displays the response of aggregate consumption (solid black) and consumption of
employed (dashed blue) and non-employed (dashed red). The right panel shows the response
of total hours (solid black), employment (dashed blue) and individual hours (dashed red).

8.1 Co-movement: sensitivity analysis

To gauge the sensitivity of conclusions to parametric assumptions, we report a distribu-
tion of impulse response functions corresponding to economies distinguished by different
assumptions on the degree of autocorrelation in the investment wedge, the degree of habit
formation and the level of investment-adjustment costs. The following set of parameters
are considered: p; € [0.75;0.99], b € [0.0;0.6] and ¢; € [0.0;2.0]. The persistence of the
investment shocks has important implications for the relative magnitude of wealth and sub-
stitution effects attached to such shocks, and therefore co-movement. The degree of habit
formation was shown in the theory of section 5.2 to assist co-movement, meriting further as-
sessment empirically. And the degree of investment-adjustment costs also affects the degree
of substitution between consumption and investment activities, which again bears directly
on the question of co-movement.

Figure 5 shows impulse responses to a positive unit innovation to the investment wedge,
in the baseline model (left-panels) and the model with separable preferences (right-panels).
The top panels show impulse responses of aggregate consumption while the bottom panels
display the impulse responses for output. The blue areas correspond to the set of impulse
responses obtained allowing different model parameter values to vary. For this set of parame-

ters the model displays positive co-movement in response to an innovation to the investment
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Figure 5: Robustness. The figures displays impulse responses to a one percent increase in
the investment wedge. The shaded areas display the set of impulse responses corresponding
to alternative model parametrizations.

wedge. In contrast, the model with separable preferences displays a negative response in

consumption for many parameter values.

8.2 Identification

The identification of the investment wedge process described in section 7.1 reflects the
objective to quantify the role of investment shocks over the business cycle. In this section
we perform a simple exercise to evaluate whether our specific identification is the main
reason for our results. The model is re-estimated after swapping the labor wedge (the other
main candidate to explain business cycles) in (15) for the investment wedge — that is,
apply the identification strategy to identify innovations to the labor disturbance, rather
than the investment disturbance. The bottom row of table 6 shows the labor wedge, while
accounting for roughly half of consumption fluctuations and two-thirds of volatility in total
hours, fails to account for most business fluctuations in investment and output. This shows
that the identification of the wedge per se is not the reason for the success of the baseline

model.
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Table 6: Robustness Exercises

C H Y I
Model with unemployment as observable (In-L = 44.97)

% var from p, 0.42 0.87 0.94 0.91

(0.33,0.51) (0.76,0.91) (0.83,0.97)  (0.80,0.94)

Independent labor wedge (In-L = —151.23)

% var from 7 0.46 0.70 0.32 0.20

(0.34,0.57) (0.57,0.74) (0.25,0.37)  (0.14,0.24)

8.3 Hall (2009) model of unemployment

The baseline model explains movement in total hours with an highly elastic labor supply
which reflects households’ preferences. Following Hall (2009) the model can be reinterpreted
as a theory of unemployment which is the outcome of a search and matching equilibrium be-
tween firms and workers. In contrast to that paper, the model here constitutes a completely
specified general equilibrium framework, clearly required for the questions answered. The
appendix describes this reinterpretation and demonstrates the resulting model equations
are the same as in the baseline model with the understanding that non-employment is now
unemployment. Consistent with this interpretation, the baseline model is re-estimated with
two modifications. First, the variable e, is interpreted as the employment rate (one minus
the unemployment rate) with a steady state value of € = 0.95. The model abstracts from the
participation margin, consequently one minus the unemployment rate from the Household
Survey is used as an observable in the estimation, instead of total hours worked. Second,
the elasticity of employment to the wage is reduced to 1.5 to be roughly consistent with the
lower volatility of the employment rate — the elasticity is comparable to the value chosen
in Hall (2009). This partly reflects the absence of the participation margin, and partly the
different behavior of the measured employment rate, compared to the measure of total hours
used in the baseline estimation.

To summarize, we replicate the estimation and simulation exercise performed with the

baseline model, using unemployment as an observable and the alternative parameter values
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describe above. Remaining model parameters, the data-generating process for the distur-
bances and the identification of the investment shock is the same as for the baseline model.
The top row of table 6 shows the variance explained by the investment shock. Perhaps not

surprisingly, the results are very similar to the ones obtained using the baseline specification.

9 Discussion and Literature

There has been an extensive literature exploring questions of co-movement. Most recently,
there has been considerable interest in models of news shocks, but more generally there
has been a range of work focused on co-movement conditional on non-TFP shocks such as
exogenous variation in government purchases and various investment disturbances. While
it is impossible to do justice to this literature here, the following section draws attention to
both some closely related work and also some implications of the framework developed here

for these other disturbances.

9.1 GHH Preferences and Nominal Rigidities

Jaimovich and Rebelo (2009) propose a preference structure which, in a neoclassical model,
generates positive co-movement in response to news shocks. The theory represents a general-
ization of Greenwood, Hercowitz, and Huffman (1988) ensuring consistency with a balanced
growth path. While the focus concerns requirements for co-movement in response to news
shocks, the model implies positive co-movement in the case of either investment-specific
technology shocks or marginal efficiency of investment shocks. We view our theory as an
advancement for two reasons. First, as emphasized by Jaimovich and Rebelo (2009), prefer-
ence structures based on modification of GHH preferences require assuming leisure is inferior
in the short run. It is not obvious that one would want to make such strong assumptions
about the wealth effects on labor supply. While there is considerable debate about whether
these wealth effects are small or large, there is very little evidence that they are negative.
Second, GHH preferences imply a complementarity between consumption and hours that
is considerably higher than under our preference specification, which would be difficult to

reconcile with empirical evidence about consumption differentials.?!

21See also Monacelli and Perotti (2008).
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Other approaches to generate co-movement with standard preference structures also
exist. However, they invariably require assuming nominal rigidities and suboptimal mon-
etary policy. Should policy be optimal and implement the flexible price equilibrium, then
co-movement would not obtain. As an example Christiano, Motto, and Rostagno (2013)
provide compelling evidence on the role of risk shocks in macroeconomic fluctuations. While
not disputing the empirical importance of their findings, a key emphasis of their paper is
not only the fact that risk shocks explain substantial variation in all macroeconomic series
of interest, but they are also consistent with the correct co-movement properties. Despite
this, dynamic properties of consumption remain problematic. To correct this negative result
the authors emphasize the importance of nominal rigidities and specific assumptions about
monetary policy rule to generate positive co-movement.

While it seems plausible that monetary policy is not fully optimal, it does render re-
sults sensitive to the precise rule chosen. And small differences in the specification of such
rules can alter conclusions about both the fundamental drivers of business cycles and their
associated co-movement properties. For example, Christiano, Motto, and Rostagno (2013)
demonstrate that including a measure of risk in a standard Taylor rule implies consumption
does not exhibit the correct co-movement. Similarly, Sala, Soderstrom, and Trigari (2010)
show small changes to the rule specified by Justiniano, Primiceri, and Tambalotti (2011)

leads to a diminished role for marginal efficiency of investment shocks.

9.2 Co-movement: other shocks

This paper emphasizes the role of shocks to the marginal efficiency of investment. However,
the existence of consumption heterogeneity and concomitant compositional effects, has con-
sequences for other classes of disturbance. The following offers some brief commentary —
further detail and numerical examples can be found in Eusepi and Preston (2009), an earlier
draft of this paper.

News shocks. A recent literature models new shocks as signals about future total factor
productivity — see, for example, Beaudry and Portier (2007b), Jaimovich and Rebelo (2009)
and Schmitt-Grohe and Uribe (2012). Conditions (11) and (12) also govern co-movement
in this case. However, the nature of co-movement is fundamentally different: wealth effects

dominate substitution effects so that consumption, investment and hours fall on receipt of
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positive news about the state of future technology. Positive wealth effects lead to a fall
in employment and therefore aggregate consumption, even though individual consumption
of the employed and non-employed rise. Market participants need not work and invest
today to capture the benefits of higher TFP tomorrow. As such, the news shock produces
only an increase in permanent income. To engineer dynamics consistent with conventional
views of the business cycle, requires investment-adjustment costs to induce sufficiently strong
substitution effects which increase employment and investment in the current period, thereby
generating the “right” co-movement.

Spending shocks. The recent financial crises has restarted the debate about the macro-
economic effects of government spending on economic activity. Ramey (2011a) reviews both
the theoretical and empirical literature.?? In the standard RBC framework, an increase in
government spending induces a less-than-one gross output multiplier because of lack of co-
movement: negative wealth and substitution effects cause a drop consumption. The simple
model described in section 5, however, can produce output multipliers larger than one. Con-
sider an exogenous component of aggregate demand Gy, arising from government purchases,

that is for simplicity zero in steady state. The resource constraint requires

¢
Y

Gy =i G~ S

Assuming lump-sum taxation and a balanced budget, the introduction of a disturbance to
the resource constraint only affects relation (12). It becomes

%ft = <1 —a— %mw) Nt — é’t.

For a sufficiently low share of consumption from non-employed (w < w*) consumption
and hours are positively related — see equation (11) — but investment might increase or
not, depending on model parameters, since increases in government spending crowd out
investment — making co-movement less likely. In general, compared to investment shocks,

conditional co-movement to government spending shocks is harder to achieve because both

wealth and substitution effects weigh down on consumption.

22There is now an extensive literature on the consumption response to government expenditure shocks.
And evidence on the sign of this relationship fails to speak with unanimous voice. Examples on either
side of this debate are Blanchard and Perotti (2002), which suggests positive co-movement based on an
identified vector autoregression; and Ramey and Shapiro (1998) and Ramey (2011b) which suggest negative
co-movement based on the so-called narrative approach.
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10 Conclusion

Recent empirical evidence indicates that ‘investment’ shocks, due to financial frictions, are
a key determinant of business cycle fluctuations. The paper shows that a neoclassical model
featuring heterogeneity in consumption of employed and nonemployed can generate posi-
tive co-movement between consumption, investment and hours in response to shocks to the
marginal efficiency of investment. In the model, individual consumption is affected by the
number of hours worked as predicted by theories of home production. As a consequence, vari-
ation in the employment rate affects aggregate consumption in the same direction through
a composition effect. The results suggest heterogeneity might be central to explaining some
observed characteristics of macroeconomic dynamics. Importantly, estimation of the model
reveals marginal efficiency of investment shocks to be important drivers of business cycles
explain some 50 percent of consumption variance and more than 80 percent of variance in

investment, hours and output.
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A Appendix (not for publication)

A.1 First-order conditions

Risk sharing. The first-order conditions with respect to consumption in the two groups
gives
(CE—bCy1)™" (1 + (o —1) ,mtlwl) _ A, (16)

and
(ng - bOt_l)ia - At, (17)

where A; is the Lagrange multiplier on the budget constraint. Together they imply the

risk-sharing condition
Cy —bC4

Cre —bCy_,

so that employed members enjoy more consumption to be compensated for work effort.

=14 (00— 1) kit (18)

Labor supply. The first-order condition with respect to the employment rate gives
1

1—o

= At [(]_ — Tw,t)WtTLt — Cte + CZL@] — th_U(I)e (Gt)

—[(Cre = bCin) ™ = (G = 0Ci) (1 Y(o—1) m;wﬁl)”} (19)

which, substituting for A; in terms of the marginal utilities, can be re-arranged as

(I)e (6,5)
C; —C) = (1 —1y)Wing — 20
g (G =) = (1= )Won, = Zoi (20)
The first-order condition with respect to hours (of the employed) gives
Ce — bCy_ 1+ (0 — 1) ko0

e it L M L8 (21)

o—1 o(c—1)k (1+¢ )nt”

Supply of capital services. The capital Euler equation is
A I—' —
B AR U+ 2 = 5 W) | - 5 e
2 =

where Z; the the multiplier associated with the capital accumulation equation. Investment

_ L. \> (1
St41Mygq (t]_:l) Qb, <tl_:1>] . (23)

dynamics obey

o — o It . It / [t
he=z -0 (72) - o (1) + o
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Finally, capacity utilization is determined by
MRE =58 (U,). (24)

Firms. Output is produced by perfectly competitive firms with the Cobb-Douglas
production function

Y, = (U K;)* N}~ (25)

Firm demand for labor and capital services is then

Y,
K t
= 2
Ry ozUth (26)
and
Y;
W,=(1—-a«a)—. 2
= (=) (27)

Resource constraint. The flow budget constraint of the household is
Ci+ I = REUK, + (1 — Tyt )WeN; — T
Using the following government budget rule
Ty = G — Ty Wi Ny

yields
Ct + It + Gt - Yt
where

Gy = Xyt

A.2 Steady state

The steady-state value of y, is i = 1. All non-stationary variables are expressed in efficiency
units (normalized by X, as required) and 7 denotes steady-state technology growth. The

real interest rate is defined as

y URF 5787'-1496
A= = — = — s
koo y gl
where Z denotes steady-state value for any variable Z. From the capital accumulation
equation
7 1—90
==1—-—-:.
k g



In steady state, capacity utilization is pinned down by

URK = § (0) 0.
Assuming the functional form
1 - _
§(U) = §U9; §(0)YU=0"=65
so that
0 ¥R =144
o
and 5 (U) o
= —— = (0 —1
€ S (U) ( )
Next, notice that -
wN g e\t
122
o —U=alg (k)

using

From the labor supply first-order condition

& —byle 1+ (o — 1) kitton’ (- 7.y
= Tow)W
(c—1) o(c—1)k(1+¢,") nd
=N -1
_ [” (?)] (1—7o)0
v(n)
which, after manipulation, can be rewritten as
vin) _ (o-1)%
v(n)  s.—eby!
where we define
1 — 7, )hew
o = rnew
c
From the first-order condition for employment
(@ - =(1—Tn)on—\ D, (e).

c—1

U

Define w = ¢*/¢°. Dividing by steady-state consumption and re-arranging

., (e)e
1 (e)e+ o

b (1—w)s. =1

c oc—1
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where
1

Se:ce/g:ljt(é*l—l)w

<I>(e

The parameter A~ ¢ measures the marginal cost of participation in terms of consumption

units (as a fraction of total consumption). We can express it as a fraction ¢ of wage earnings

(after tax)

31 o, (_é) e _ ¢(1— Tw)wN _ (o,
C C

Risk sharing between employed and nonemployed gives

ce—eby e so—eby! R T

cee —eby-le  ws, —eby!
which converges to 1 as o converges to 1. For a given level of n and the other structural

parameters this expression gives the value of x as

1 (1 —w)se

"o (0 —1)alten’ ws, —eby~t

Finally, given (, the steady-state labor participation decision relates o to w:

g

(1 -w)se=(1-0)¢. (28)

oc—1
Given assumed values for 7, ¢,,, x and w the parameters ¢ and ¢ can be found as the solution

to the previous equation and
_ 1 (o-1]" (o-1)%
1 1+ _
(c—1)(1+9¢,") [(mer ) —1—7] s

Substituting for x in the second expression gives

o o
P

which combed with (28) implies
1

1+¢,"
Hence, given w and ¢, we find the corresponding value of

_ 1-¢
1= (1w s,

(=1-

(29)

where the assumed calibration needs to satisfy 1 — ¢ — (1 —w) ¢ 's, > 0.
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A.3 Log-Linear Equations

Recall that

so that

Consumption and labor supply. Re-expressing (21) in terms of stationary variables
and log-linearizing gives

(0—1)
S, — eby~1

~e . BN ~ V'(n)n ~ 3 ~aftax
[_Sect —b’y 16('715_615—1)] + (%) Ny :>\t+wtft . (30)

Combining with

1 e N . oc—1
—8e¢f — ey (= &) + ( )

- - N 1
s, — by le - wnt] oA, (31)

obtained by log-linearization of (16) in stationary terms, gives individual labor supply

—1A _ ~aftax —13
¢, T = W, +0 A, or (32)
14 A~ —13
Gp T = Wy — Ty +0 N,
where
aftax
~aftax A T oA ~
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- T
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Log-linearizing (20) gives

g ~E ~ne ~ajftax A ~ <
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Combined with the log-linearized marginal utility of employed (31) and nonemployed
1

wse——bﬁ*% [—Wseé;w —bey (%, — ét—l)] =o'\,

gives the Frisch employment supply function

L) 5, (33)

1A N ~
Qo € = Wp — Topp + w1+(é*1—1)w

where ¢, = (¢.()~! denotes the Frisch elasticity of employment.

Supply of capital services. Log-linearization of the capital Euler equation yields
&= B |(1= 8777 (1=0) Aa + (1= B (1= ) RS, + 5777 (1= 0) & — 05|
while investment dynamics in log-linear form is
A =& =y = =" (i + i — i) + BT OB (Jyir + e — 1) . (3)
Finally, log-linearizing the capacity utilization equation we get
f%{( = €5Ut - 5\,5 +§t
where, again, R
€5 = % =(@-1).

Log-linear model. Summing up the model consists of the following equations:

Marginal utilities of consumption:

1

Ane s~—1 (2 A _ 13
m [—wsect - be'y (’yt - Ct—l)] =0 )\t

1 e 1. R c—1
{_Sect — ey (B — é) + ( )

~ __—13
se——b'_y_lé @/mt} =0 N

Labor supply:
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FEuler equations:

& =B [(1= 5777 (1= ) Aua + (1= A7 (1= 0)) RE, + 5777 (1= 8) € — 051

A= & — iy =7 (3, +i — 1) + BY O E, (Y + lr — )

Capacity utilization:
Rf( :€6Ut_5\t+ét

Factors demand:
W, =Y, — N,

]%f(:gjt—f]t—]%t—l—%.

Output:
}A/;g = —Oé’A}/t + OéUt + Ckl%t + (1 — Oé) Nt.

Resource constraint:

Capital accumulation:
(1=0)4+ 1 =08k — (7787 =1+6) 0,

R
=1 —

i T
Ve =7 +97

Aggregate consumption and hours:
Gt = SeC; + (1= 5¢) &7 + (1 — w)seéy,
Nt - ét + ﬁt.

Exogenous processes:

R !/
Z = (4n 7 G i)
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A.4 Nonseparable utility and the normality of consumption and
leisure

Consider an individual with preferences

(Ct - th_l)l_U 14 (1 - lt)

l1—0

Ule, ) = (36)

where n; = 1 — [; and [; denotes time not spent in market activities and where v (n) is

defined above. The individual budget constraint can be expressed as
¢+ ltI/Vt = Mt (37)

where M, denotes non-labor income. Let
V" (R)n
V' (1)
define the curvature of v(-) at steady state. The following Lemma states the required

restriction on utility that guarantees concavity.

Lemma 4 Assume €, satisfies the restriction

(c—1)7° ¥

o s, —eby 1’

€y >
then the utility function (36) is concave.

Proof. Let us consider (36) in terms of consumption and leisure. Then we have

-0
A O MR

1—0
where U, denoted the marginal utility with respect to the argument z, and where v/ (+)
denotes the derivative of v(-) with respect to hours worked. Similarly

(c—bC)—*

l1—0

Uy = v’ (1 — l) < 0.
It is straightforward to show that U. > 0 and U,. < 0. Further, concavity requires
Ucc : Ull - (Ucl)2 Z 0.

Substituting for the actual expressions we get

g

v (n) V" (n) (¢ —bC) "% — (¢ —bC) > /' (n)?

o—1
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which on simplifying yields

(c—bC)™>° MV' (n) —

n oc—1 v (n) v(n)

Noting that at steady state

v ()7 _ (1—7YWn (1) =

n) ce —be

(-1

S, —éeb ’

(38)

14

—~

where for simplicity we assume no growth, concavity requires

[6'/_ (U 8—1(0_1)2
s

.—eb ¢ o

> 0.

The next Lemma states the restrictions required for both consumption and leisure to be

normal goods.

Lemma 5 Consumption and leisure are normal goods iff

(-1

€, > )
v Se — €b

Violation of the above condition implies that consumption is an inferior good.

Proof. Consider the first-order conditions of the static utility maximization in (36) and

(37). Total differentiation of the first-order conditions and budget constraint gives

0 ol

(WUex = Ua) 37 + (WUe = Un) 577 = 0
dc ol

ot " Wonr =1

where W is kept constant and M denotes non-wage income. We have

I o Ve
oM I Uy —WUq

[ Uag _ Ue\
_ ( B ﬂu)
= Uy _ Ua
UC Ul Uc

Substituting for the chosen utility and using the steady-state restrictions described above

dc [ Uy — WUCC] -1

yields
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Jc ) (c—1)7 -
e T S
oM _%%—ébcy 5o — b
which states that consumption is an inferior good if and only if
-1

Se — €b v S, — €b
The condition to have both consumption and leisure normal goods is

Ucl/Ul — Ucc/Uc

< 0.
UllUl - Ucl/Uc
Substituting for our chosen functional forms gives
n 1
<0
C — bC _EV _|_ %
if and only if
61/ > w
Se — €b

Recall from above that for the preferences used in the paper

(o=
omy T T o)

V'(n)n

From the above results the utility function is concave. Normality of both consumption

and leisure requires

Now

e (0’; 1) v (n)n - V' (n)n

implying the threshold value of ¢, is

5 P_(a—n}wmm

n

L V(n)n
v(n)

Now use the steady-state restrictions to pin down the parameters of the utility function.

As shown above, labor supply restricts V;((Ln);‘ as follows

V' (n)n _ (c—1)7
v(n) Se —eby~
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Hence the threshold is

A.5 Hall (2009) Model

Define 7 as the vacancy to unemployment ratio. The job finding rate ¢(n) is increasing (and
concave) in 1. The job destruction rate, s, is constant. The unemployment rate, u;, evolves

according to
up = (1= ¢(n,)) ur—1+ 5 (1 —w1).

Approximating the dynamics of u; by its stochastic steady state, and defining employment

as e, = 1 — u, gives o)
U
5+ ¢<77t)

which implies that employment is a jump variable. Invert the previous function (so that n

€t =

is a function of e) giving the job-filling probability

¢(n (er))

1) = g

The production function is

Y, = (Uth)a (Xtetnt)l_a

so that the demand for total hours and capital is the same as in our baseline model. The
firm chooses the total amount of hours worked, the amount of effective capital to rent and
the number of vacancies to fill. Hall (2009) assumes a specific employment contract between
firms and workers. Workers are payed the hourly wage W;: both workers and firms are price
takers. In addition, the employment contract requires that firms collect an amount z; from
a new worker. Workers and firms bargain over this part of compensation. It is assumed that
the bargained payment is a function of W, and the marginal utility of income of the family

Ay, that is z; = z(Wy, A;) Firms decide whether to recruit workers, requiring in equilibrium

Q(et)zt =X

where y is the cost of holding the vacancy open for a period. This leads to an employment

function

e = D(z) (39)
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where ®, > 0 as higher payments to the firm (or, in turn lower compensation to the worker)
increases employment demand. The family has the same preference structure as described
in section 3 of the paper. The family’s upper limit on the payment to the employer is defined
as

1 [(C) v (n) — (C)' 7 v (0)]
1—0 A

Zt (At, Wt) = + (1 — Twﬂg)Vtht — Cte + Cg,

which denotes the marginal value from an increase in the employment rate of the family.
As before
v(n) = (1 + (0 — 1)7n1+¢51> :

This term now substitutes the term ®.; (e;) /A in our baseline model, which denotes the
marginal cost of participating expressed in terms of income. Given that the minimum

payment for the firm is zero, the Nash bargaining up-front payment is
Zt = 0- v+ (1 — I/)Zt (At7Wt)

where v is the bargaining weight of the job seeker. Substituting the employment function

(39) for z; we get
er = @ (Z (A, Wy)) = ®7 (A, W), where &%, ®Z > 0 (40)

because higher marginal utility of income and higher wages lead to more willingness to
work (and thus accepting lower compensation, as the difference between the wage and the
up-front payment). The payment from workers to firm captures that actual compensation
might be lower than the wage (which measures the marginal product of labor). The model,
without addressing the specifics of the contract or the bargaining process, embeds a form
of real wage rigidity. In log-linear terms (and after detrending each variables) equation (40)

gives the employment function
ér = Gt + BdrM-

which has the same form as the one in the model with costly participation. In this model
the parameter ¢, is free — it is not pinned down because the details of wage determination

are left unspecified.
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