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1 Introduction

Investment-specific shocks have been shown to be an important driver for the dynamics of
asset prices and macroeconomic quantities in general equilibrium models. Papanikolaou
(2011) argues that investment shocks can simultaneously reproduce the value premium
and other moments of stock returns as well as the co-movement of key macroeconomic
quantities. Justiniano et al. (2010, 2011) find that investment shocks are the main driver
of business cycle fluctuations in the US economy. However, conventional models that at-
tribute a central role to investment shocks tend to produce a negative correlation between
consumption and investment, contrary to the empirical evidence.! Moreover, in the model
of Papanikolaou (2011) shocks to the total factor productivity (TFP) of the investment
sector cannot explain the basic unconditional moments of equity returns unless an addi-
tional source of uncertainty is added to the model, in this case shocks to the marginal
efficiency of investments.?

In this paper we propose a dynamic stochastic general equilibrium (DSGE) model with
two sectors that bridges an important gap in the literature by analyzing the joint effect
of investment shocks on both asset prices and macroeconomic quantities. We proceed in
two steps. First, we assume that the TFP of both the consumption and the investment
sector are driven by short- and long-run components. This assumption is motivated by
the empirical evidence of Greenwood et al. (2000) and Croce (2014). Theoretically, the
presence of a long-run component in the productivity of investments can also be deduced
from the idea of investment hysteresis originally proposed by Dixit (1992).> We also esti-
mate the TFP processes using sectoral output data and confirm the presence of a long-run

risk component in the TFP process of both the consumption and the investment sector.

!This co-movement problem is well documented by Khan and Tsoukalas (2011), Furlanetto et al.
(2013) and Furlanetto and Seneca (2014a,b).

2More precisely Papanikolaou (2011) shows that when the marginal efficiency of investment is deter-
ministic one would need an unrealistic high volatility of TFP shocks in the investment sector to match
the equity premium and volatility of stock returns.

3The traditional theory of investment postulates that firms should invest (or enter the market) when
the price exceeds the average variable costs and disinvest (or exit the market) when the price falls below
the average variable costs. However, the empirical evidence indicates that, once firms have invested in a
project, they tend to stay in business and continue their investment even when the underlying causes of
investment are fully reversed. This suggests that investment drivers may have long-lasting effects.



Second, we add some moderate frictions to the model, in particular capital adjustment
costs in the spirit of Jermann (1998) and moderate wage rigidities as suggested by Uhlig
(2007).

The presence of long-run risk in the consumption sector, together with capital adjust-
ment costs, allows the model to generate a sizeable equity premium and a low and stable
risk-free rate. Introducing long-run risk in the investment sector then helps to reproduce
the empirically observed spread in the stock return volatilities of the two sectors. Both
results can be obtained without assuming a stochastic marginal efficiency of investment.
Moreover, long-run risk in the consumption and in the investment sector allows us to
obtain these results with a relatively moderate degree of capital adjustment costs. How-
ever, long-run risk alone does not resolve the macroeconomic co-movement problem and
the correlation between consumption and investment remains negative. Adding moder-
ate wage rigidities makes this correlation positive. Short-run investment shocks tend to
produce negative co-movement between consumption and investment, while long-run in-
vestment shocks result in positive co-movement. The tradeoff between these two effects
can be controlled by varying the degree of wage rigidities in the model. Finally, mak-
ing the marginal efficiency of investment stochastic enables the model to replicate the
empirically high volatility of investment growth.

Our results contribute to the recent literature that tries to improve the empirical
predictions of general equilibrium models with investment shocks. Khan and Tsoukalas
(2011) suggest that the co-movement problem can be solved when the cost of capital
utilization is defined in terms of capital depreciation. Furlanetto and Seneca (2014a) argue
that a positive co-movement between consumption and investment obtains in models
with price rigidities. Finally, Furlanetto et al. (2013) propose an explanation for the
co-movement problem that relies on rule-of-thumb households who do not use financial
markets to smooth consumption, but spend their entire income in each period to finance
consumption. However, these papers do not analyze any asset pricing moments and thus
remain silent about the implications of their proposed explanation of the co-movement

problem for financial markets.



On the other hand, the recent asset pricing literature is more concerned with the
implications of investment shocks for the moments of stock returns than with their impli-
cations for macroeconomic quantities. For instance, the model proposed by Papanikolaou
(2011) matches the correlation between consumption, investment, and output growth, but
only with a stochastic marginal efficiency of investment. Moreover, the model does not
match the correlation between consumption and hours worked. Kogan and Papanikolaou
(2014) show that investment shocks have explanatory power for the cross-section of stock
returns. However, they do not analyze the implications of investment shocks for macroe-
conomic co-movements. We try to fill the gap in the literature by analyzing the joint
effect of investment shocks on both asset prices and macroeconomic quantities. After all,
investment shocks have been advocated not only as an important driver of the business
cycle but also as a driver of expected stock returns and return volatilities. Therefore a
consistent explanation of macroeconomic co-movements that relies on investment shocks
should also be able to provide a reasonable fit for the key moments of asset prices, and
vice versa. Our results suggest that investment shocks contribute a great deal to explain-
ing the dynamics of asset prices, but need to be coupled with nominal rigidities (or other
sources of market imperfections) to generate realistic macroeconomic co-movements.

The rest of the paper is organized as follows. Section 2 describes the economy. The
calibration of the model is dicussed in Section 3. In Section 4 we analyze the quantitative

implications of our model. Section 5 concludes.

2 Model

In the following subsections, we develop a dynamic stochastic general equilibrium
(DSGE) model with two sectors that allows us to study the asset pricing implications
of different shocks to investment good productivity and efficiency. The first sector is
the consumption good sector. It admits a fairly standard competitive representative
firm that uses capital and labor to produce consumption goods which it supplies to the
representative household for consumption. The second sector is the investment good

sector. It uses labor to produce investment goods which it sells to the consumption
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good sector at a monopolistic price. The representative household owns both sectors,
has recursive preferences over consumption and leisure and freely allocates labor to the
two sectors. The production technologies in both sectors are subject to both short- and
long-run productivity shocks. Moreover, the marginal efficiency of investment is allowed
to be stochastic.

The model most closely related to ours is developed in Papanikolaou (2011). However,
we depart from it in several dimensions. First, the utility flow of the representative
household’s recursive preferences is given by a Cobb-Douglas aggregate over consumption
and leisure. Second, we use capital adjustment costs as in Jermann (1998). Third, we
incorporate long-run productivity shocks in the consumption good sector as in Croce
(2014). Fourth, similarly to the consumption good sector, we allow for long-run shocks
in investment productivity as well. To the best of our knowledge, there is no model
featuring this kind of shocks in investment good productivity and, hence, the asset pricing
implications of these shocks are unknown. Finally, in the spirit of Uhlig (2007), we account
for labor market rigidities. A summary of the equilibrium conditions and details about

the solution of the model are provided in Appendix A.

2.1 Representative Household

The representative agent has recursive preferences as in Epstein and Zin (1989) over the
utility flow v,
.

U= |(1- B)Ut + 6 (Et [Ut+1 ]) - ’ (1)
where 7 denotes relative risk aversion (RRA), 1) measures the intertemporal elasticity of
substitution (IES), and § € (0,1) is the household’s subjective discount factor. Notice
that this preference specification allows to separate the relative risk aversion (RRA) from

the intertemporal elasticity of substitution (IES), and has been widely used in recent asset

pricing and RBC/IBC studies.* Notice also that this class of preferences has been recently

4See, e.g., Bansal and Yaron (2004), Papanikolaou (2011), Caldara et al. (2012), Colacito and Croce
(2013), Kung and Schmid (2015).



supported by experimental studies.® The standard expected utility model is nested under
the assumption v = i The utility flow, v; := v(Cy, L;), is a Cobb-Douglas index of

aggregate consumption C; and leisure 1 — L,
v(Cy, L) = CV (A1 (1 — L),

where v € (0, 1) reflects preferences for consumption versus leisure. A; is the productivity
of the consumption good sector and will be discussed below.
In each period, the representative household chooses consumption C; and labor L; to

maximize (1) subject to the following budget constraint

Cy+ Biv1 +9c1401(Vey — Do) + 01401(Vig — Diry) = WLy + BtR{ +Vc:Vor +01,Vig,
(2)

where Y, (V1) denotes equity shares in the representative consumption (investment)
good sector firm held from time ¢ — 1 to time ¢, Vioy (V74) is the cum-dividend market
value of the consumption (investment) good sector, D¢ (Dy¢) represents consumption
(investment) good sector’s dividends, B; denotes bond holdings from time ¢ — 1 to time ¢,
Rf is the risk-free rate and W} represents frictionless wages (i.e. without wage rigidities,
see also Uhlig (2007)). The first order conditions of the maximization problem lead to

the following expression for the stochastic discount factor (SDF)

s =5 (Co) () (U T (3)
tt+1 Ct Uy [Et UtlJ:l'y] ﬁ .

The usual Euler equations of cum-dividend asset prices can be written as

Veir = Doy + B[ M1 Veura], Vig= Dry+ Ei( M1 Vil = B[ My 141].

1
R/

°In an Epstein and Zin (1989) preferences environment, agents care about when uncertainty is resolved.
Brown and Kim (2014) show via experiments that subjects prefer early resolution of uncertainty and have
RRA greater than the reciprocal of the IES.



Finally, the household’s optimal labor allocation leads to

u_l—V Ct
Wt_ 1% (1_Lt>

2.2 Consumption Good Sector

The consumption good sector admits a representative perfectly competitive firm utilizing
capital and labor to produce the consumption good. The production technology is given
by

You = K&§ (ALey)' ™€,

where a¢ is the capital share, labor L¢; is supplied by the household and A; is an
exogenously specified labor-augmenting productivity subject to both short- and long-run

shocks:
a
At =€ t; ay = g + Tat—1 + a1+ Oa€at) Tat = Palat—1 + Oz.a€z,at-

The unconditional expected growth rate of productivity is p,. Short-run productiv-
ity shocks are induced by e,:, whereas €, ,; indicates long-run shocks which affect the
stochastic component in expected productivity growth z,,. The persistence of long-run

productivity shocks is measured by p,. Moreover, capital K¢ accumulates according to

Kepn =1 —0x)Keor+ G (ict) Key. (4)

Here, ic; = % and 0y is the depreciation rate of capital. G captures adjustment costs

of investments as in Jermann (1998):

a1

1 -1

Gt =G (iC,t) - (iC,t)lii + a2,

where the constants «; and as are chosen such that there are no adjustment costs in the
deterministic steady state.

In the spirit of Justiniano et al. (2010) and Papanikolaou (2011) we assume that



the marginal efficiency of investment goods is stochastic and governed by the process
Zyrt- In order to increase the future capital stock by an absolute amount G(i.;) K¢, the
representative firm needs to buy Zﬁtfqt units of the investment good at the relative price
Pry. Thus, the total investment cost is given by Z]\_/[%tICJPLt. The marginal efficiency of

investment goods is stochastic and follows a strictly stationary AR(1)-process:

Iyt = pmZmi—1 + OMmEn-

The net profit of the consumption good sector, D¢y, is given by output minus the expen-

diture on investment goods and wages:
Doy =Yeos — Z]\}}tpl,tlc,t — WiLcy.

The representative firm chooses labor, capital and investment to maximize the firm value,

i.e. the firm solves

Voo = max  Bo[MyDeyl, (5)

{Kc,t+l7]C,t7LC,t}§20 t=0

subject to the capital accumulation constraint (4). The first-order condition with respect

to K07t+1,

1:Et

M1+

At Kei

-1
1 (OéCYC,tH - ZM,t+1PI,t+1IC,t+1

+ )\t+1(Gt+1 + 1-— 5K)>] s

determines the price of the investment good Py .

2.3 Investment Good Sector

The investment good sector supplies investment goods to the consumption good sector.
It is populated by a monopolistic representative firm selling the demanded goods at price

Pr;. Investment goods are produced according to the technology

l—ay
Yig = Zi, LI,
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where Ly, is labor supplied by the household, 1 — a7 is the labor share and Z;; is the
stochastic productivity of the investment good sector whose dynamics are given by the

following process:
z
Zrg=¢e1  zpy=pur+Tri1+ 21+ 0r€ry, Trg = Pr¥rg—1 + Ox1€e 1t

Thus, as in the consumption good sector, the productivity of the investment good
sector is subject to both short-run (e;;) and long-run (e,,7¢) shocks. The unconditional
expected growth rate of investment good sector’s productivity is denoted by u; and p;
denotes the persistence of long-run investment shocks. This specification is, for instance,
in line with the traditional economic theory of investment hysteresis (see Dixit (1992)).
Besides this theoretical justification, we can also provide empirical evidence for the exis-
tence of a long-run component in the investment sector.® A recently developed database
by O’Mahony and Timmer (2009) reports the total factor productivity (TFP) at the sec-
toral level for the US and several European countries. For US data from 1977 to 2010,
estimating the long-run risk component in each sector via a simple standard state-space
model gives the following results:”

AINTFP, =0.009 + z.;—1 + e’

c,t
3.103***[0.000]
Zer = 0.785 - xcp1 + ef:t

~—~
0.763*+*[0.000]

AInTFP; = 0.001 + z;,—1 + €
~—
1.467++*[0.000]

Ty =0.785 w1+ €

1.251%+%0.000]

6As argued by Miiller and Watson (2013), long-run forecasting tends to be econometrically difficult.
In this study we provide just a first attempt to detect long-run shocks both in the consumption goods
and investment goods sectors by using a standard state-space approach. A rigorous analysis on different
methodologies estimating long-run risk components is beyond the scope of the paper. We leave this
empirical challenge for future research.

“p-values are reported in square brackets. **

* indicates significance at the 0.1% level.



Estimations with data from other countries corroborate this finding. Details are reported
in Appendix B.

The investment good sector pays wages to the household and produces the demand
set by the consumption good sector. Thus, total output Y7, is sold to the consumption
good sector at price Pr,;. The net profit of the investment good sector is therefore given
by

Dry= PrYr, — WiLp,.

The investment good sector firm chooses labor L, to maximize the firm value:

2.4 Labor Market Frictions

We assume that the labor supply is subject to frictions. In the spirit of Blanchard and
Gali (2005) and Uhlig (2007), we impose that a fraction of the labor supply does not
reach the market. As shown by Uhlig (2007), this results in sticky wages, i.e. households’

wages have the following dynamics:

Wy = (Wep)S(W)' ¢

W represents the frictionless wage. Notice that £ = 0 implies the absence of labor market

rigidities.

2.5 Market Clearing Conditions

The household supplies labor to the consumption and the investment good sector. Thus,

market clearing in the labor market dictates

Li=Lcy+ Lyg.
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Equating the supply and demand for investment goods implies
Z]\_417t[C,t - YI,t'

The output of the consumption good sector is fully consumed by the household and

therefore the consumption good market clears if
Cy=Yor =WiLy + Dcy + Dy

The last equality is obtained by assuming that bonds are in zero net supply and the stocks
of the consumption and the investment good sector firm are in unit supply, i.e. By =0

and Yoy = Y7, = 1, in the household’s budget constraint (2).

3 Benchmark Calibration

We assume that the representative agent has a monthly decision interval. Therefore,
we calibrate the model to a monthly frequency. For ease of exposition, however, we
subsequently discuss only annualized figures. In our benchmark two-sector production
economy nineteen parameters need to be specified: four for preferences, seven relating to
the consumer good production sector C, seven modeling the investment good production
sector I, and one accounting for the labor market friction. Our parameter choices are
summarized in Table 1.

The preference parameters are set in accordance with the recent long-run risk litera-
ture. The subjective discount factor is set to an annualized value of 0.97 so as to help the
model match the relatively low level of the risk-free rate observed in the data. We set the
coefficient of relative risk aversion and elasticity of intertemporal substitution to values of
10 and 1.85, respectively. Similar values can be found in Bansal and Yaron (2004), Croce
(2014), Kung and Schmid (2015), among others. Note that we have v > 1/1, i.e. our
parameters also satisfy the constraint reported by Brown and Kim (2014). This implies

that agents have a preference for early resolution of uncertainty and thus care about both
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consumption and utility risk. The consumption share in the utility bundle v is set to 0.35
such that the steady state supply of labor is one third of the total time endowment of the
household.

We calibrate the parameters of the long-run risk processes, z,; and x4, in line with
the literature on long-run risk. In particular, we fix the persistence of z,, and x;; to be
pa = pr = 0.98 as in Croce (2014). These values imply an annualized persistence of 0.80.
As in Croce (2014), we set p, and p; such that the average annual growth rate is 1.8%,
consistent with US data. To keep the long-run component as small as in the data we fix
the volatility of the long-run shocks to be a small percentage (7.5%) of the volatility of the
short-run shocks (see Bansal and Yaron (2004), Pancrazi (2014)). To this end, we impose
0z = 0.075 - 0, and 0,1 = 0.075 - 7. Finally, o, = o7 are calibrated to an annualized
value of 2% to match the annualized volatility of consumption growth which is around
2%. The annualized depreciation rate of physical capital in the consumption good sector
is set to 8.5%. On the production side, as in Papanikolaou (2011), we set the capital
shares in consumption good production (a¢) and investment good production (a;) equal
to 0.3 and 0.1, respectively.

The elasticity of the supply curve of capital, 7, is equal to 1.15, a value in line with
existing empirical evidence.® The parameters related to the marginal efficiency of invest-
ment are calibrated as in Justiniano et al. (2010). Therefore, we use o)y = 12% for the
annualized volatility of the shock to the marginal efficiency of investment and assume
that the considered shock is moderately persistent with py; = 0.92 (see also Furlanetto

and Seneca (2014a)).

8Eberly (1997), for instance, reports estimates that range between 1.08 and 1.36. In an earlier empirical
work, Abel (1980) reports values for 7 ranging between 0.5 and 1.14.
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Table 1: BENCcHMARK (MONTHLY) CALIBRATION. Notes: Parameters sources: 1=Papanikolaou (2011),
2=Kung and Schmid (2015), 3=Justiniano et al. (2010), 4=Croce (2014), 5=Uhlig (2007), 6=own cali-
bration.

Parameter Description Source Value

PREFERENCE PARAMETERS

I6] Subjective discount factor 6 0.997
0% Risk aversion 2/4 10

P Elasticity of intertemporal substitution 2 1.85
v Consumption share in utility bundle 6 0.35

ProODUCTION SECTOR C

ac Capital share in consumption good production 1 0.3
1% Depreciation rate of physical capital 1 0.085/12
T Degree of adjustment costs in investment 1 1.15

La Long-run mean of consumption good sector TFP 4 0.018/12
O, Volatility of short-run shocks to consumption good sector TFP ¢, 6 0.02/+/12
Pa Autocorrelation of long-run shocks to consumption good sector TFP x, 4 0.98
Oza Volatility of long-run shocks to consumption good sector TFP ¢, , 6 0.075 - g4
PRODUCTION SECTOR I
Technology parameters
ay Capital share in investment good production 1 0.1
TFP parameters
"~ u;  Long-run mean of investment good sector TFP 4 0.018/12
oy Volatility of short-run shocks to investment good sector TFP ¢; 6 0.02/+/12
o1 Autocorrelation of long-run shocks to investment good sector TFP z; 4 0.98
Ol Volatility of long-run shocks to investment good sector TFP ¢, ; 6 0.075 - oy
oM Volatility of shocks to investment good efficiency ey, 3 0.12/+/12
PM Autocorrelation of shocks to investment good efficiency Z, 3 0.92
LABOR MARKET
13 Wage rigidity parameter 5 0.35

4 Quantitative results

To see how the key ingredients of our model lead to the main results, we consider several
subcases that allow to analyze their different roles. We start by analyzing the role of the
long-run risk component in both sectors (see Table 2, Panel A). To this end, we first solve
an economy without any long-run risk (see first column). Then we introduce long-run risk
in the consumption sector (second column) and finally we allow for long-run risk both
in the consumption and in the investment sector. In all cases we assume the absence of

wage rigidities. In the absence of long-run risk the model has difficulties in matching the
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basic properties of stock returns, most importantly the equity premium.’ However, the
model reproduces the observed co-movements between consumption, labor and output.

Introducing long-run risk in the consumption sector makes this sector relatively riskier
(as compared to the case of no long-run risk), which leads to a substantial increase in the
risk premium required to hold the consumption sector equity. The market equity pre-
mium thus increases from 0.62% to 3.41%. Introducing long-run risk in the investment
sector further improves the asset pricing quantities, especially the stock return volatility
of the investment sector. More precisely, the volatility spread between investment and
consumption sector increases from 1.59% to 5.69% and gets closer to the value observed
in the data (10.96%). Long-run risk in the investment sector affects only the expected
return and volatility differential, but not the expected return of the market portfolio (i.e.,
the risk premium for the consumption sector decreases slightly and the risk premium for
the investment sector increases slightly). This suggests that the long-run risk component
of investment shocks is priced by financial markets. Nevertheless, the risk premium is still
higher for the consumption sector. This can be explained by differences in the cyclical
variation between the two sectors: due to adjustment costs, consumption is more pro-
cyclical than investments (i.e. corr(Ac, Ay) > corr(Ai, Ay)) and therefore riskier from
an insurance point of view. In summary, this benchmark calibration shows that the long-
run risk component of investment shocks is important to generate realistic differentials
between expected returns and between return volatility of consumption and investment
sectors.!® Key macroeconomic quantities remain qualitatively unchanged after the in-
troduction of long-run risk in the investment sector. All calibrations in Panel A fail to
explain the correlation between consumption and investment.

In Panel B of table 2 we introduce wage rigidities. The unconditional correlation be-
tween consumption and investment changes its sign and becomes positive. The economic
mechanism behind this result can be explained from inspecting the impulse-response func-

tion of key macroeconomic quantities. These are depicted in Appendix C. Intuitively, wage

9The market portfolio in all our quantitative results is defined as a claim to the sum of the consumption
good sector dividends and the investment good sector dividends.

0This is in line with Papanikolaou (2011) who shows that investment shocks generate differences in
risk premia due to their heterogeneous impact on different firms.
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rigidities change the intertemporal substitution between consumption and labor. This ef-
fect is different for the four types of productivity shocks in our model. Consider first
the effect of a positive short-run shock in the productivity of the investment sector. In
the absence of wage rigidities, such a shock increases the return on investment and gives
households an incentive to save more today and postpone consumption (Figure C.3, case
¢ = 0), which implies that consumption and investments move in opposite directions in
response to short-run investment shocks. In contrast, investments decrease in response to
long-run shocks in the productivity of the investment sector because of the interaction be-
tween the income effect and the substitution effect. Namely, a positive shock to long-run
productivity increases the continuation utility. As a result, households react to this long-
run shock by reducing investment. This implies that consumption and investments move
in the same direction in response to long-run shocks to the productivity of investments.

As is well known from Croce (2014), wealth effect and income effect work in opposite
directions after shocks to the TFP process of the consumption sector. As a result, invest-
ment and consumption move in the same direction in response to short-run shocks of the
consumption TFP while they move in opposite directions in response to long-run shocks
of the consumption TFP.

Taken together, the natural question is then the following: can the negative co-
movement between consumption and investment induced by short-term investment shocks
be compensated by positive co-movement resulting from the other shocks in the economy,
namely long-run investment shocks and short-run consumption shocks? We argue that
the answer is yes, provided that wage rigidities are included in the model.

The reason for this is that wage rigidities reduce the extent of negative co-movement
between consumption and investment in response to short-run investment TFP shocks.
To see this, note that wage rigidities reduce the wealth effect on labor supply. More
precisely, when the labor market is not fully flexible, not all labor supply reaches the
market. As a result labor supply increases by less or even declines in response to short-run
investment shocks (see Figure C.2, fourth row). This effect on itself is quantitatively too

small to offset the intertemporal substitution between consumption and investment, which
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implies that consumption and investments still move in opposite directions in response to
short-run investment shocks. But the diminished wealth effect on labor supply induced by
wage rigidities makes consumption and investment less responsive to short-run investment
shocks. As a result, the negative co-movement between consumption and investment in
response to investment shocks is reduced. Together with the responses to the other
shocks in the economy, the result is an overall positive correlation between consumption
and investment as reported in Table 2.

Next, Panel C of Table 2 reports results about the role of adjustment costs. We
choose two additional values for the adjustment costs elasticity: 7 = 0.95 and 7 = 3.33
which impose higher and lower adjustment costs than in the benchmark calibration where

" The corresponding impulse-response functions are depicted in

7 = 1.15, respectively.
Figure C.2. In the presence of a lower amount of adjustment costs (i.e. 7 = 3.33),
the model produces an extremely high investment growth volatility. As a result, the
investment-output volatility ratio is equal to 8.46. In addition, due to the dominance of
the long-run component, investment becomes less correlated with consumption growth.
In particular, the model generates a negative correlation of -0.41 between investment and
consumption. This produces a fall in the aggregate equity risk premium, which is now
only 2.13%.'? Differently, in the presence of stronger frictions (i.e. 7 = 0.95) consumption
and investment growth are more correlated (i.e. corr(Ac, Ai) = 0.14). Consequently, the
stock market is riskier and households demand an extra premium (see also Jermann
(1998) and Croce (2014)), i.e. the aggregate equity risk premium is 4.01%. Altogether,
however, the analysis shows that our asset pricing results hold for a relatively large range
of adjustment costs parameter values.

As we have just explained, long-run investment-specific shocks, together with wage

rigidities, seem to be a good vehicle to generate a positive co-movement between con-

sumption and investment. In a last step, we now analyze the role of shocks to the

H\We stress that in our benchmark calibration the adjustment costs are set to be smaller than in
Jermann (1998) who imposes the elasticity of investment with respect to Tobin’s Q to be equal to 0.23
(i.e. strong frictions). The introduction of the long-run component in both sectors, however, yields sizable
fluctuations in stock prices and investment even with a very mild friction.

12Notice that the risk premium between I and C firms (i.e. E[R;]—E[R¢]) becomes positive, suggesting
that the higher amount of frictions affects mainly the consumption goods sector.
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marginal efficiency of investment. The role of these shocks has already been highlighted
by Papanikolaou (2011) who shows that, when the marginal efficiency of investment is
deterministic, a standard model with i.i.d. TFP shocks cannot explain the basic proper-
ties of asset prices such as the equity premium and the return volatility spread unless an
unrealistic large volatility of investment shocks is assumed. The last column of Table 2
reports the results for our model when the marginal efficiency of investment is determin-
istic (i.e. o)y = 0). Importantly, the investment growth volatility (relative to the output
growth volatility) is not matched correctly in this case. In contrast, the main properties
of asset prices and macro quantities are preserved even when we assume a deterministic
process for the marginal efficiency of investment and a realistically low volatility of TFP
shocks. In other words, the most important economic mechanism that allows our model
to generate realistic properties of asset prices is the long-run risk in the TFP processes
and not the risk associated with the marginal efficiency of investment as in Papanikolaou

(2011).

17



‘T o[qe], ur pojrodal ore s1ojowrered 9SOYM UOIYRICI[ED IRWOUS] oY) jussoidol Juoj p[oq Ul SUWN[OD O], "SUOIYR[NUIIS
o[dwres-[ews jo suorjijedal WO paurelqo aIe sjuawoly (F10g) 9001 woi are Yorym (oy)o/(fiy)o pue (fiyy)o/(rvy)o 10j 1deoxe (110g) noejoyiueded woj ore sjuswow [eorndwy *(1003)
‘[ 30 uupog Ul Se poroad st ‘[F3y — Wyly ‘wnrweid S joxIew 93e8oi8Se oy, ‘103098 JUOWISOAUl pue uordWNSUod oy} Yo Ul YSL UniI-3uo[ jo ooussoid oY} SOYeOIPUl YU :S2I0N

o) 18°0 61°0 800 €20 620 6T°0 FI0 | L10 ST0 ST0 |90 (A ‘4v)-4409
L9°0 €6°0 8€'0 €10 €e0 1€0  8€'0 9F0 | ¥L0 890 60 | €80 (1V ‘277 4t02
0L0 81°0- g9'0 990 790 6,0 G9°0 €¥0 | 800 F0O0  SZ0 | 1¥0 (1V 0 )-4409
86°0 ¢10 96'0 160 160 860 960 S60 | 60 ¥60  L60 | ¥8°0 (i 0% ) 4109
ev0 7°0- 100 110 700 ¢ro 100 ¥0°0- | 100- 600- €0°0- | 60 (2v OV )L109
81 RS T ST S 9¢'c VT 680 | 8F0  9¥0  1€0 | 29T (1v)o
97’1 00T 9V'T ST S erT 9T TIT eve  8F'E  ¥6TV | 621 (1v)o/(fiv)o
60T 09°T LOT 80T 60T 60T  L0°T  TITT 0OT'T 80T OT'T | I¥T (ov)o/(fiv)o
LGT 97’8 9¢'9  19¢ ze9 L06  9€'9  99L 198 €98  ¢I'6 | 677 (fiv)o/(1w)o
20°g At 6T 161 181 9¢'c  S6'T  LLT 79T 2gT OFT | 6T (Ov)e

Ly 67T SV'T TP LV €0z SF'T  F0T ¢90  ¥90 090 | 00°¢ (%) [Fylo
€a'g VT €6°C  €9C €a'g 8V €8T LGT 19¢  19C IL€ | 067 (%) [Fyla
deRe 129 6€°C 6T 61T 6LV  6€'¢  FSG | 696 69T VL0 |960T | (%) [Pa)o — [fylo
7°0- 16°0 I7°0-  96°0- ¢80~  TF0-  TIF'0-  TF0- | IF0- 680~ 950~ | 1T~ | (%) [Py)d — [lyl|
Go'¢ 06'C 6%'¢  8L¢ 19°¢ STy 6%'€  9F¢ 9z'¢ 0T L0T |T6LI (%) ["My]o
RS er'e ve'e 107 RS €9'e  pee  L¥E we  1Fe 290 |68V | (%) [y —Tyla

SHOIdd LSSV

€eE =1 CIT=21G60=" 0=3 0=3 0=3
0= "o GE0=3 GE0=3G€0=3/G60=3090=3G€0=3020=3|0<TT0Q=I"00=1"0
qa1 gy gyT  yyT | 0=1"0 yyT yy1 g1 |0<""00<"Po=""0
ose)) [eradg :([s1s0D [PV JO 9[0Y dYJ, D [SPINPISIY 98eAr JO 9[0Y dYL g | WUT JO 90U dUL V [VIVA THAON

mm:rH:LZ<D@ OdDVIN ANV SHOIdd LUSSY VLV SNASHHA THAOIN ¢ °19%L

18



5 Conclusion

The recent asset pricing and macroeconomic literature has proposed investment shocks
as the main driver of asset pricing and macroeconomic dynamics. However, as shown
by Papanikolaou (2011) shocks to the total factor productivity of the investment sector
cannot account for the high equity premium and the return volatility differential between
the consumption and the investment sector unless coupled with shocks to the marginal
efficiency of investments. In this paper we argue that the shocks to the marginal efficiency
of investments can be replaced by long-run risk in the total factor productivity of the
investment sector without affecting the ability of the model to explain key features of
asset prices. Our production-based asset pricing model with long-run productivity risk,
capital adjustment costs and wage rigidities replicates the equity premium, the stock
return volatility differential between the consumption and the investment sector, the
positive co-movement between consumption and investment growth and the high volatility
of investment growth. Our paper thus bridges an important gap in the literature by
focusing on the joint implications of investment shocks on the dynamics of financial and
macroeconomic quantities.

Naturally one can debate which one of the two approaches describes the statistical
properties of the investment sector in a more realistic way, but more importantly the
two approaches offer different explanations for the economic link between the risk of the
investment sector and asset prices. Shocks to the marginal efficiency of investments affect
output and asset prices “only to the extent that they are implemented through the forma-
tion of new capital stock” (Papanikolaou (2011)). Differently, we suggest that investment
shocks alter the perception regarding long-term productivity and that this effect, which
goes above and beyond the effect of investment shocks on the cost of producing new
capital, is important for explaining the risk-return differential between consumption and
investment sectors. This explanation is not only in line with the theory of investment hys-
teresis, but is also corroborated by empirical estimates of sectoral productivity processes.
We thus think that long-run investment shocks are a very natural modeling choice given

the empirical evidence.
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Despite long-run productivity risk being intuitive and economically appealing, it has
difficulties to account for the joint behavior of macroeconomic co-movements and asset
pricing moments. In particular, consumption and investment tend to move in opposite
directions in reaction to short-run investment shocks. This effect is quantitatively impor-
tant and cannot be compensated by the other shocks in the economy. As a result, the
unconditional correlation between consumption and investment is negative, in contrast to
the empirical evidence. However, our analysis shows that moderate wage rigidities make
consumption and investment less responsive to short-run investment shocks. This implies
that, in the presence of wage rigidities, the negative co-movement between consumption
and investment induced by short-run investment shocks can be compensated by positive
co-movement resulting from long-run investment shocks, and the unconditional corre-
lation between consumption and investment becomes positive, consistent with empirical
evidence. These results suggest that investment shocks contribute a great deal to explain-
ing the dynamics of asset prices, but need to be coupled with nominal rigidities (or other

sources of market imperfections) to generate realistic macroeconomic co-movements.
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A Equilibrium

The equilibrium allocation in this economy consists of (i) time paths of consumption
level, total labor hours, labor hours supplied to the consumption good sector and in-
vestment good sector, and utility flow level {Cy, Ly, th,Lu,vt}igo , (ii) time paths of
consumption good output, physical capital, investment and level of new capital created
{You, Ko, Loy, Gt}igo, (iii) time paths of investment good output and investment good
price {Y7,, PLt}zgo, (iv) time paths of dividends and cum-dividend stock prices for both
the consumption and investment good sector { D¢y, Vor, Dy 4, %7t}izgo and (v) time paths
of the pricing kernel in consumption and utility flow units, the wealth-utility ratio, the

t=00

return on wealth and the risk-free rate {Mt,tﬂ, Mt(ﬁl, ug, RV, Rﬁt} , such that (a) the
’ t=0

representative household maximizes lifetime utility (1), (b) the consumption good sector

maximizes its value (5) and (c) the investment good sector maximizes its value (6).

This implies that the equilibrium is determined by a system of 23 equations for 23
variables, vy, RXV, Cy, Ly, LC,ta LI,ta I/Vtu, Wi, YC,ta Yl,t, KC,ta IC,t, PI,ta At Mt,t+1> Mt(féll,
u, Dey, Vo, Drg, Vig, Gy and Ry, given the endogenous state variable K¢, and five ex-
ogenous state variables A;, Zr;, Znrt, T, 14 The equations to be solved can be grouped

as follows:

1. Conditions for the household’s maximization problem and related Euler equations

u_]'_V Ct
Wt_ 14 (1—Lt)

Wy = (Weey) (W)

v =CY (A (1= L))"

) (%
Uy = 1+ Et [Mt(’tllut+1;—+1:|
t
RW — U+ 'Utjl
t Ut—1 — 1
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1
R—ic = ]Et[Mt,t—i-l]-

2. Conditions for the maximization problem of the consumption good firm and related

equations

Wt _ (1 — (IC)YCJ
Loy

You = K&§ (AiLey)' ™

Ko = (1 —0x)Keyp + Gy

Io \ 7
a T
(;t:: ! ( Gt ) —+ Qo

1— % Key
1 [ acYeous — Z Pripilcisa
1=K Mt,t+1/\_ ( KM’tH + A1 (G + 1 = 6k)
¢ Cit+1
\ — PI,tZ]T/[}t
.=
Gy

Dey=Yeor — Z]\_ftpl,tlc,t — WiLcy

Ver = Do+ Ed M1 Vel

3. Conditions for the maximization problem of the investment good firm and related

equations

1— OéI)PI,tYI,t

|
We = Li,

l—ar
}/I,t - ZI,tL[,t
Dry= PriYre — Wil

Vie= D+ E[M;141Vi41].

4. Market clearing conditions

Li= Lcy+ Ly

-1
}/I,t = ZM’tIC,t
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Cy=Yer =WiLi + Dcy + Dy

5. Evolution of the five exogenous state variables

log(At) = o + Ta -1 +1og(As—1) + 0uar
ZTat = PaZat—1 T Ozafz,at
log(Zrs) = pr + xrp—1 +log(Zr4—1) + orer,s
Trt = PI&1t—1 + Oz €2 It

iy = PmLmi—1 + OrEMyt-

We solve the model in dynare++ 4.2.1 using a second-order approximation.

B Estimating sectoral productivity shocks

Sectoral TFP are retrieved from the EU KLEMS database. Data are available for 34
industries, which are classified following the new international ISIC Revision 4 industry
classification (consistent with the European NACE 2 industry classification). Industry-
level data are provided for the following countries: Austria, Belgium, Finland, France,
Germany, Italy, Japan, Netherlands, Spain, Sweden, UK and United States. Data are on
an annual basis and cover the period 1977-2010. A summary of the construction of the
EU KLEMS database can be found in O’Mahony and Timmer (2009).

Using the EU KLEMS database, we proxy the consumption sector productivity, TF P,

and the investment sector productivity, T'F' Pr, in the following way:

- TFPc: TOTAL MANUFACTURING, ELECTRICITY, GAS AND WATER SUPPLY, WHOLE-
SALE AND RETAIL TRADE (cross-sector average)

- TFPr: CONSTRUCTION, FINANCIAL AND INSURANCE ACTIVITIES, INFORMATION
AND COMMUNICATION, TRANSPORTATION (cross-sector average)

The estimations of the short-run and long-run shocks in each sector SS are then carried
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out via a state-space model which takes the following standard form:

AInTFPs = fig + Tst1+ E:Sg?:t

— lr
Tst = PSZSt—1 T €5y

Estimation results for different countries are reported in Table B.1.

Table B.1: Cross-SEctor SHORT-RUN AND LONG-RUN SHOCKS. Notes: o and f[i7 represent the estimated mean of
the TFP growth in sector C and I, respectively. The persistence parameter of the long-run component in both sectors
is assumed to be fixed. EU represents the Eurozone countries for which growth accounting could be performed, namely:
AUT, BEL, ESP, FIN, FRA, GER, ITA and NLD (Source: EU KLEMS Growth and Productivity Accounts: November
2009 Release, updated March 2011). p-values are reported in square brackets. *** indicates significance at 0.1% level.

CONSUMPTION GOODS SECTOR

INVESTMENT GOODS SECTOR

Parameter fic pc o(e) o(eg) fir p1 o(ef) o(€f)
BELGIUM 0.000  0.725  1677F 0.000 0.009 0725  2.768%%F 0.000
(1980-2009) [0.000] 0.999] [0.000] [0.999]
FRANCE 0013  0.785  0.548%FF  1.827%% | 0010  0.785  1.612%FF  0.601%%*
(1980-2009) 0.001] 0.000] [0.000] [0.000]
GERMANY | 0011 0725 2497+ 0.000 0.0 0725  2.458%%* 0.000
(1970-2009) 0.000] 0.999] [0.000] [0.999]
ITALY 0.003 0725  3.931%F* 0.000 -0.003  0.785  1.874%¥x () 725%k
(1971-2009) 0.000] 0.998] [0.000] [0.000]
JAPAN 0.018  0.785 0.000 3.04706¢ | 0002 0785  2420%FF (6910
(1973-2009) 0.998] 0.000] [0.000] [0.000]
SPAIN 0005  0.785  1.404%F  0.289%%% | 0.002  0.785  1.639%F*  (0.920%%*
(1980-2009) [0.000] [0.000] [0.000] [0.000]
NLD 0.0133  0.785  2.097%%* 0.000 0001 0785  2513%FF  (.542%%
(1979-2009) [0.000] 0.999] [0.000] [0.001]
UK 0009  0.785  2.502%FF  0.905%F% | 0.004  0.785  2.557%F 0.000
(1972-2009) 0.000] 0.000] [0.000] [0.997]
Us 0009  0.785 3103 0.763*** | 0.000  0.785  1467FFF  1.251%*
(1977-2009) [0.000] [0.000] [0.000] [0.000]
EU 0013  0.785  1.204%%x 0.000 0006 0785  0.650%%%  0.226%%*
(1981-2007) [0.000] 0.999] [0.000] [0.000]
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C Impulse-Response Functions
C.1 Investment-Specific Shocks

Figure C.1: IMPULSE-RESPONSES TO INVESTMENT-SPECIFIC SHOCKS: THE ROLE OF ¢
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Figure C.2: IMPULSE-RESPONSES TO INVESTMENT-SPECIFIC SHOCKS: THE ROLE OF 7
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C.2 Consumption Sector TFP Shocks

Figure C.3: IMPULSE-RESPONSES TO CONSUMPTION SECTOR SHOCKS: THE ROLE OF &
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Figure C.4: ImpULSE-RESPONSES TO CONSUMPTION SECTOR SHOCKS: THE ROLE OF T
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