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1. Introduction

Recent work explores whether news shocks about future total factor productivity (TFP) are an
important source of business cycles and quantifies the importance of anticipated shocks to fundamentals
(e.g., Beaudry and Portier, 2004; Jaimovich and Rebelo, 2009).! Using the Bayesian methods to estimate
the parameters and shock processes, this paper analyzes the effects of news shocks to future
investment-specific technology (IST) on business cycles in a New Keynesian dynamic stochastic general
equilibrium (DSGE) model.> We use a two-sector sticky-price DSGE model with consumer durables and
financial frictions to study IST news shocks, motivated by the following two reasons.

First, research suggests that the most important driver of business cycles is not Hicks-neutral TFP
shocks (e.g., Gali, 1999; Francis and Ramey, 2005) but IST shocks (e.g., Greenwood et al., 2000;
Christensen and Dib, 2008). Fisher (2006) estimated a vector autoregression (VAR) model to compare the
business cycle effects of unanticipated TFP and IST shocks. He found that the majority of business cycles
and forecast errors of hours and output over a three- to eight-year horizon is driven by IST shocks.
Moreover, Justiniano et al. (2010) studied a one-sector New Keynesian model with nominal and real
frictions such as price and wage rigidities, habit formation, and variable capital utilization. They found that
over 50% of the fluctuations in output and hours, and over 80% of the fluctuations in investment were
driven by IST shocks. In an estimated DSGE model with sticky prices and wages, Christiano et al. (2014)
emphasized borrowers' credit frictions and found an empirical role for news shocks in the riskiness of the
entrepreneur.® In particular, in a recent VAR model with the maximum forecast error variance approach,
Chen and Wemy (2015) have highlighted again the importance of IST shocks by establishing that IST
innovations are quantitatively important drivers of long-run movements in aggregate TFP.* Next, in a
one-sector DSGE model with flexible prices, Jaimovich and Rebelo (2009) found that IST news shocks
drive business cycles only if there are variable capital utilization, investment adjustment costs, and small
short-run wealth effects on the labor supply. From then on, using an otherwise identical model,
Schmitt-Grohé and Uribe (2012) uncovered that IST news shocks have very small effects on consumption

and labor hours, but large effects on investment. In another similar one-sector DSGE model with sticky

! Barro and King (1984) posited that it is a challenge to make news shocks about future fundamentals work in the
context of relatively standard business cycle models. Yet, Beaudry and Portier (2004) found that TFP news shocks can
explain several patterns associated with business cycles and recessions in the US, while Jaimovich and Rebelo (2009)
discovered that news shocks can be drivers of business cycles in a standard neoclassical model under some conditions.
2 For New Keynesian microfoundations, readers are referred to Rotemberg (1987).

3 Christiano et al. (2014) envisaged risk shocks to the marginal efficiency when converting raw capital into effective
capital, but they understood that it is difficult to distinguish risk shocks from IST shocks when converting investment
into installed capital, an issue studied by Justiniano et al. (2010). Using a baseline model, Christiano et al. (2014)
found that risk shocks account for 62% of GDP fluctuations, as compared to 13% accounted by IST shocks. Yet, their
risk shocks only explain 1% of GDP fluctuations, as compared to 44% accounted by IST shocks, when four financial
variables are dropped from their baseline, which are credit to entrepreneurs, the slope of term structure, entrepreneurial
net worth, and the credit spread.

4 Readers are referred to Papanikolaou (2011), which studied the effect of IST shocks on asset prices, in particular on
the risk premium and volatility of the market portfolio. Effects on asset prices are not within the scope of our study.
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prices, Ben Zeev and Khan (2015) also found that IST news shocks cannot produce comovement. In
particular, they found that the share of the forecast error variance of real aggregate variables attributable to
IST news shocks is very small in a one-sector flexible-price DSGE model (Schmitt-Grohé and Uribe, 2012)
and essentially zero in a one-sector sticky-price DSGE model (Khan and Tsoukalas, 2012). However, the
above results are at odds with those of VAR-based empirical models by Ben Zeev and Khan (2015), which
have empirically identified IST news shocks as a significant driving force behind the U.S. business cycle,
and by Ben Zeev (2018), which provides robust evidence that IST news shocks result in comovement
among aggregate variables and account for the majority of their business cycle variations in the boom-bust
period of 1997-2003.3

This paper uses the Bayesian method to estimate the parameters and shock processes and analyzes
whether IST news shocks are the dominant source of business cycle fluctuations. Specifically, following
Monacelli (2009), Justiniano et al. (2010), and Chen and Liao (2018), this paper studies a DSGE model
with two sectors. One sector produces nondurable goods for consumption, and the other sector produces
durable goods for investment in capital and consumer durables, with nondurable prices being stickier than
durable prices, as in Bils and Klenow (2004).° Financial frictions are in the form of collateral constraints.
Under the two-sector model with sticky prices and collateral constraints, we carry out a z-period-ahead
news shock about anticipated shifts of stationary IST that are uncorrelated with innovations to
unanticipated IST contemporaneous shocks. To compare whether the source of fluctuations is from IST
news or other shocks, we also study seventeen other shocks, including non-news (contemporaneous) shocks
to IST, and news and non-news shocks to aggregate TFP, to sectoral TFPs in the durable and the nondurable
goods sectors, to durables preferences, to labor supply, to monetary policy, and to two sectoral price
markups. We carry out variance decompositions to each of the eighteen orthogonal shocks in our baseline
model.

We find that positive IST news shocks increase key variables on impact, and thus aggregate variables
comove. By contrast, in an otherwise identical model except sticky prices or collateral constraints, positive
IST news shocks decrease consumption. Our variance decomposition indicates that news shocks to IST
account for over 50 percent of the fluctuations in output, consumption, investment, and real wages,
followed by non-news shocks to IST that account for about 25 percent of the fluctuations, while each of the
remaining shocks explains less than 10 percent of the fluctuations. IST news shocks are thus the most
relevant source of uncertainty than other shocks. We also perform the forecast error variance decomposition
to the eighteen shocks at different forecast horizons. In comparison with Sims (2016)’s results, for all

variables, the variance shares attributable to IST news shocks are in a majority for the periods after news

5> By contrast, the VAR model by Ben Zeev et al. (2020) indicates that monetary news shocks only account for less
than 10% of the forecast variance in output and inflation, indicating a small role behind the U.S. business cycle.
6 As will be seen, our results are robust as long as durable prices are less sticky than nondurable prices.
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shocks are realized.

Different from Jaimovich and Rebelo (2009) and Schmitt-Grohé and Uribe (2012), in our sticky-price
model, financial constraints play key roles in creating business cycles and comovement of variables in
response to IST news shocks, even if there are no variable capital utilization and small wealth effects in the
utility function.” Moreover, our IST news shocks create large effects on investment, consumption and labor
hours, different from Schmitt-Grohé and Uribe (2012), wherein stationary IST news shocks create large
effects on investment but not on consumption and labor hours.®

In a two-sector DSGE model, Gortz and Tsoukalas (2017) uncovered that TFP news shocks,
especially consumption-sector TFP news shocks, can generate comovement of aggregate variables if there
are sticky prices and wages, and found that the presence of financial leverage amplifies the effects of TFP
news shocks. Like Gortz and Tsoukalas (2017), we study a two-sector DSGE model. Yet, our model is
different from theirs. While their sectors produce goods for investment and consumer nondurables, our
sectors also produce consumer durables. Moreover, we focus on IST news shocks, rather than TFP news
shocks. In particular, we find that IST news shocks generate comovement of aggregate variables if there are
sticky prices and collateral constraints.

Our two-sector model adds value to two-sector models of Beaudry and Portier (2004) and Jaimovich
and Rebelo (2009). Our model is different from theirs in several ways. First, our two sectors involve
consumer durables, but their two sectors do not. Moreover, while we study a sticky-price model, they study
a flexible-price model. In particular, Beaudry and Portier (2004) did not study IST news shocks, and we do
not have to introduce variable capital utilization and small wealth effects on the labor supply to produce
comovement (see Jaimovich and Rebelo, 2009).

Several authors have analyzed news shocks in New Keynesian models with nominal rigidities.” To
the best of our knowledge, Khan and Tsoukalas (2012) is the only paper that studied IST news shocks in a
sticky-price New Keynesian model, but they found that IST news shocks cannot generate business cycle
fluctuations. Our paper also builds on work that estimated the effects of TFP news shocks in VAR

models,'® but we mainly investigate IST news shocks in a DSGE model.

7 Investment adjustment costs play a role to reconcile boom-bust cycles in response to IST news shocks in our
baseline model, with or without a boom-bust cycle when there is not or there is an investment adjustment cost.

8 As our model does not involve the four financial variables in Christiano et al. (2014), if news shocks to risks are
introduced, we expect that news shocks to IST account for more GDP fluctuations than news shocks to risks.

® Gilchrist and Leahy (2002) found that TFP news shocks cause consumption to rise but labor and output to fall in a
sticky-price model. Fujiwara et al. (2011) found that TFP news shocks are a minor source of fluctuations in the US in a
sticky-price model. Thus, all these models found that TFP news shocks incur a comovement problem.

10 Among these models, Barsky and Sims (2011) and Barsky et al. (2015) found that positive TFP news shocks failed
to generate comovement of variables on impact, as output, hours, and investment fell in Barsky and Sims (2011), while
investment, consumer durables, and hours decreased insignificantly in Barsky et al. (2015). By contrast, Bouakez and
Kemoe (2017) obtained that TFP news shocks were an important driver of business cycles, and Cascaldi-Garcia and
Galvao (2021) found the positive responses of economic activity to TFP news shocks in the short term.
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Moreover, following Kiyotaki and Moore (1997), our model introduces borrowing constraints on
producers and thus, is related to DSGE models with financial frictions on producers. Although the setup
may slightly differ in the existing literature, the transmission mechanism is the same: all directly connect
firms’ assets with investment.!! The difference is that our paper studies IST news shocks, but they do not.
In our model with nominal rigidities, financial frictions on producers play the role of not only resolving the
inconsistent comovement problem of IST news shocks in the standard DSGE model, but also increasing the
shares of the forecast error variance of real aggregate variables attributable to IST news shocks. Besides,
our paper is broadly related to the literature of expectation-driven business cycles, including the noise
shocks literature (cf. Lorenzoni, 2009; Blanchard et al., 2013), and the sentiment shocks literature (cf.
Barsky and Sims, 2012; Angeletos and La’O, 2013; Benhabib et al., 2015). While the former line focused
on noise shock formulations in generating demand-side fluctuations, the latter strand explored confidence
shocks in generating demand-side fluctuations. Our paper studies IST news shocks in creating supply-side
fluctuations, which is different from expectation-driven shocks in generating demand-side fluctuations.

Finally, in a recent paper that resolved countercyclical consumption puzzle following the marginal
efficiency of investment (MEI) shocks, Choi (2020) also produced comovement following a MEI news
shock.!? Choi (2020) is a one-sector model that uses naive hyperbolic discounting, wherein the lifetime
utility of the representative household is discounted not only by the standard long-run discount factor but
also by a short-run discount factor. There are two key differences between our model and Choi’s model.
First, while Choi (2020) studied a one-sector flexible-price model with non-standard naive hyperbolic
discounting that features time inconsistency, we study a two-sector sticky-price model with standard
discounting that is time consistent. Moreover, we find that IST news shocks are a more relevant source of
uncertainty than IST non-news shocks, but Choi (2020) did not investigate whether MEI news shocks or
MEI non-news shocks explain more fluctuations.

The rest of this paper is organized as follows. In Section 2, we set up a baseline sticky-price
two-sector model with borrowing constraints. In Section 3, we estimate the models, and Section 4
envisages the impulse responses to a positive IST news shock and the variance decomposition. Section 5

carries out the sensitivity analysis. Finally, concluding remarks are made in Section 6.

2. The Model

Time is discrete and lasts for an infinite horizon. Following Bernanke and Gertler (1989), Carlstrom

and Fuerst (1997), and lacoviello (2005), the economy consists of two types of agents: households and

' See Carlstrom and Fuerst (1997), Bernanke and Gertler (1989), Bernanke et al. (1999), Cooley et al. (2004),
lacoviello (2005), Faia and Monacelli (2007), and Gerali et al. (2010), among others.
12 MEI shocks enter Choi’s model in the same way as IST shocks do in our model.
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entrepreneurs. Both types of agents consume, but households supply labor while entrepreneurs do not.!?
Following Iacoviello (2005) and Monacelli (2009), there is a continuum of households of a unit mass, who
has two groups: patient and impatient. Patient households have the lowest time preference rate and are
savers. Impatient households, along with entrepreneurs, have higher time preference rates and are
borrowers. Agents with varied discount rates trade nominal private debts, with borrowers being subject to
collateral constraints that are tied to the expected future value of the stock of durables.

As Barsky et al. (2007) and Monacelli (2009), the economy includes two sectors: nondurables and
durables.'* Nondurable final goods are for consumption. Durable final goods are for consumer durables
and capital investment, which accumulate the stock of consumer durable services and the stock of capital,
respectively. Each sector comprises a continuum of producers, which sell final goods at competitive prices.
Final goods in each sector are assembled using intermediates produced by a continuum of entrepreneurs in
the sector. Both groups of households consume both kinds of final goods, and so do entrepreneurs.

In addition, there are retailers. While entrepreneurs sell intermediates to a continuum of retailers at
competitive prices, retailers sell intermediates to final goods producers at monopolistic prices that incur

adjustment costs when setting prices.

2.1 Households

A typical household consumes an index of composite consumption X;, given by

X, =[(1-p)(C)" +u7(D,,)

where C;; is nondurables and D;; is services from the stock of consumer durables, with subscript i=b, s

n-1

-1 n

" ]”713 i:b, S’

labelling borrowers and savers, respectively. The parameter #7>0 is the elasticity of substitution between
nondurables and durables in consumption. The variable g, is the preference shock to durables (housing) and

is assumed to follow a first-order autoregressive (AR(1)) process given by

Iny = (l—pﬂ)lnu+pﬂ Ing, te, Vi
where 1>0 is the share of consumer durables in the composite consumption index in the steady state, the
parameter p,€ (0, 1) measures the persistence of shocks, the term e, is unanticipated contemporaneous
innovations in relation to the durables preference, which are assumed to be independent and identically
distributed (i.i.d.) normally with mean 0 and variance o,2 (N(0, 0,%)).!> The term v, is a preference news
shock to durables, which provides z-period-ahead news about an expected shift in future preferences. The

news shock v, is i.i.d. with N(0, 0,,*) and uncorrelated with the contemporaneous innovation e, We

13 On this, our setup follows from Iacoviello (2005) and is different from Bernanke and Gertler (1989) and Carlstrom
and Fuerst (1997), wherein both types of agents supply labor.

4 We go along Monacelli (2009) and refer to the nondurable consumption goods sector and the durable goods sector
as sectors ¢ and d, respectively.

15" A similar process was used by Barsky and Sims (2011) and Leeper et al. (2013).



assume the same parameter # and durables preference shock in the composite consumption index for savers
and borrowers.
As in Monacelli (2009), the impatient household maximizes the expected lifetime utility given by

= p (@, )" : . . : .
Eoz,zo(ﬂb) (InX,, —v,—5—), where E: is an expectation operator conditional on information

available in £.'® The discount factor is By (0, 1), which is smaller than patient households’ discount factor,
ps€(0, 1). Thus, impatient households are borrowers. Ly, is hours of work. The parameter v,>0 is the
coefficient associated with the disutility of labor, and ¢,>0 is the inverse of the Frisch labor supply
elasticity. Labor is freely mobile across sectors. The variable w, is the labor supply shock and is assumed to

follow an AR(1) process given by

Inw=p,Ine_ +e,, +v

-1
where the parameter p,€ (0, 1) measures the persistence of shocks. The innovations eq, and v .. are the
contemporaneous and news shocks, which are assumed to be iid. with N0, 0,?) and N(0, c,7),
respectively. The two innovations e, and v .. are uncorrelated. We assume the same labor supply shock
for both groups of households.

Impatient households receive labor income at the nominal wage rate .. They may borrow by issuing
one-period nominal debts Bj;. They use the income to buy nondurables and consumer durables and to

service the debt. Expressed in units of nondurables, an impatient household’s budget constraint is

Cb,r +p, [Db,r - (1 - 5)Db,r—l ] + Rr—l 2ot = bb,t + WtLb,r > (1)

T
where R is the gross nominal interest rate on a loan between periods #-1 and ¢, p=Pa/P., is the durable
price in terms of nondurables, by =B /P, is real debts, and w=W,/P., is real wage, with z. =P, /P.;1 being
the gross inflation of nondurables and ¢ being the depreciation rate.

The loan market is imperfect, as lenders cannot force borrowers to repay their debts and thus,
collateral is required in order to take out loans. Consumer durables, like housing, play a dual role. They are
used not only for consumption but also for collateral when households secure loans (e.g., Kiyotaki and
Moore, 1997; lacoviello, 2005). The value of the stock of consumer durables is an upper limit of loans. If
borrowers repudiate their debt obligations, lenders can liquidate borrowers’ collateral by paying
transactions costs at a proportion (1-mp)e (0,1) of the collateral value. Thus, the amount that a borrower

agrees to pay back in the following period (R:By,) is tied to m,E,[(1-0)F,,,,D,,], the expected value of

non-depreciated consumer durables one period ahead. In real terms, this borrowing constraint becomes

16 Like Monacelli (2009) and Chen and Liao (2014) with two groups of households (savers and borrowers), we
specify the preference with the wealth elasticity of labor supply, as opposed to the preference specified in Jaimovich
and Rebelo (2009) featuring a parameter that governs the wealth elasticity of labor supply which nests the two classes
of utility functions characterized in King et al. (1988) and Greenwood et al. (1988).
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Rtbb,t <m,(1- 5)Et (pt+1Db,t”E,t+l) =m,(l1- 5)17;Et (Db,t”d,t+1)’ (2)
where 7y =Pq/Pa;1, and my, is the loan-to-value ratio of impatient households. The expected gross inflation
of durables in the next period affects the constraint.

The first-order conditions for nondurable consumption, labor hours, consumer durables, and real debts
are similar to those obtained in Monacelli (2009). In particular, the optimal choice of consumer durables is
such that the marginal rate of substitution between consumer durables and nondurables equals the user cost
of durables (Erceg and Levin, 2006), which is the relative price of durables p;, net of two marginal gains.
One of the marginal gains is the expected discounted marginal utility of nondurables in the next period
stemming from one more unit of the non-depreciated consumer durables, and the other is the marginal
utility of relaxing collateral constraints. We note that if the shadow price of collateral constraints, denoted
by ws, is zero, the marginal utility of relaxing collateral constraints is zero. Moreover, the optimal
condition for real debts is a modified Euler equation, which reduces to the standard Euler condition if w3 ~0.
However, if w0, the condition suggests that the marginal utility of nondurables exceeds the expected
discounted marginal utility of shifting a unit of nondurables to the next period. A higher v}, indicates a
tighter collateral constraint. When y;, is larger, the net marginal benefit of consumer durables today is
higher, since one more unit of consumer durables relaxes collateral constraints at the margin, which allows

for extra consumption today.

. 1+0;
As for the patient household, it maximizes EOZ;:g (B)(InX  —v, (m’ﬁ';})‘

), which is otherwise
identical to that of an impatient household except for variables and parameters labeled by subscript s.
Patient households are savers, because their discount factor is larger than impatient households’, f>f. The

representative patient household faces the following flow budget constraint.

C,,+pID,, ~(1=8)D,, ]+ R = =b,, +wL,  +5- (3)

Note that (3) is otherwise the same as (1) except for the term F;, which is a nominal lump-sum profit
remitted from retailers, as patient households are savers and thus own the share of retailers. The
representative patient household chooses Cs, Lsy, Ds;, and b, The first-order conditions are otherwise the

same as those in the impatient household’s problem, except for subscripts replaced by s, and ; ~0.

2.2 Final goods producers
Each sector has a continuum of final goods producers of a unit mass. In sector j=c, d, the
representative producer assembles a continuum of intermediates Y;Az), indexed by z€ [0, 1], and produces

final goods Y;,, according to the following technology.
! (e Desy g qe /e~ .
Y, =[] ) dz] j=e. d,
where ¢;~>1 is the time-varying elasticity of substitution between intermediates in sector j, and ¢ /€;,—1) =
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1+¢;,, where ¢, is a shock to price markup, which is assumed to follow an AR(1) process given by

In(1+¢, )=(1-p,)In(l+€,)+p, In(l1+¢,, ) +e,, +V,, ., j=c, d,

where ¢;= 1/(¢—1) is the steady-state value. The parameter p,e (0, 1) measures the persistence of shocks.
The innovations ey, and v,;.. are the contemporaneous and news shocks, which are assumed to be
uncorrelated and i.i.d. with N(0, 6,%) and N(0, 6,,,%), respectively.

Nondurable goods Y., are for consumption only, while durable goods Y, are for capital investment

and consumer durable services. Maximization of profits gives the following demand for intermediate z.

Y, (2)= (Pf-f_@)—e,,.z Y ze[0, 1], j=c,d, 4)

P, i

where P;(z) is the price of an intermediate z and P;, is the price index of final goods in sector j. A zero

1 - —e.
profit implies P, =[I0 (Pj,,(z))l 0 dz]"0 | j=c, d.

2.3 Entrepreneurs
Each sector has a continuum of entrepreneurs, indexed by ze [0, 1]. Entrepreneurs are both producers
and consumers. As producers in sector j, they produce intermediates for producing final goods in sector ;.

An intermediate z in sector j is produced according to the following technology.
o 1-a .
Yj,t (Z) = AtAj,tKj,t /Lj,t ! , J7C, d; (Sa)

where K;, and L;, are, respectively, capital and labor used by an entrepreneur z in sector j, a;€ (0,1) is the
capital share in sector j. While the variable A4, is an aggregate TFP across sectors, 4, is a sector-specific
TFP in sector j. Thus, production functions across two sectors differ in capital shares and sectoral TFPs.

The two kinds of TFPs are assumed to follow AR(1) processes given by
In Ar =P, In AT—I te,, tV, .

Ind,,=p,In4,

i te Vg Jj=c, d,
where the parameters p4 and p4€ (0, 1) measure the persistence of shocks. The innovations ey, and ey4;, are
the contemporaneous shocks, which are assumed to be i.i.d. with N(0, 0.4%) and N(0, 6.4?), respectively, and
Vasr and vy, are the news shocks, which are assumed to be iid with M0, o47) and N0, o4y7),
respectively. The TFP news shock provides z-period-ahead news about an anticipated shift in future TFP.
All innovations are assumed to be uncorrelated.

Following Bernanke et al. (1999) and Iacoviello (2005), an entrepreneur z in sector j does not sell an

intermediate directly to final goods producers in sector J; it sells an intermediate to retailers at the wholesale

price P;/"(2), and retailers then sell the intermediate to final goods producers in sector ; at the price P;(z).



As a consumer, an entrepreneur’s expected lifetime utility is £, 2.7, (5, ) InX . 17 where Bi<Bs, j=c,

d, and the composite consumption index X, takes the same form as X;, for households. An entrepreneur’s
flow budget constraint is

b/.rfl PW;(Z) P/

C,+plD,,~(1-0)D, ]+ R 5>+wL, +pl,, = & Tij’,(z)erj,t, j=c, d, (5b)

ey

where P;/P;”(z) is the price markup of final goods in sector j over intermediates. An entrepreneur uses the
flow income to pay for nondurable consumption, consumer durables, and the cost of labor and investment
I;;. The relative price of investment p; is the relative price of durables, since durables can be used for

investment. The evolution of the capital stock is
I, .
Kj,t+1_(1_§)Kj,t :é[l_®j(ﬁ j|1j,r’ j=c, d, (5¢)

where 0<o<l is the depreciation rate of capital. For tractability of analysis, we assume that capital

depreciates at the same rate as consumer durables.!® The function ®;is the investment adjustment cost.

1;,

Following Christiano et al. (2005), the adjustment cost takes the quadratic form @ (7*-) = % 11_%]—1)2,

>0, j=c, d. As for the accumulation of consumer durable services, we follow lacoviello (2005), Barsky et
al. (2007), and Monacelli (2009), and set zero adjustment cost for consumer durables.

Following Greenwood et al. (1997, 2000) and Justiniano et al. (2010), we include a factor & in the
accumulation of capital, which specifies the current state of the technology for capital formation. It is an
exogenous variation in efficiency, which determines the amount of capital in the next period that is formed
from one unit of investment in this period. Changes in & formalize the notion of IST changes. For
simplicity, we assume that the efficiency in the accumulation of capital is the same in both sectors. As in

existing work on IST shocks, we assume that & follows an AR(1) process given by

Iné =p,In& | te, +V, . (5d)
where the parameter p;e (0, 1) measures the persistence of shocks. The innovations e;; and vy, are
stationary IST contemporaneous shocks and stationary IST news shocks, respectively, which are assumed
to be i.i.d. with N(0, ¢/*) and N(0, o5%). The IST news shock vy, provides t-period-ahead news about an
expected shift in future IST. The IST news shock is uncorrelated with the IST contemporaneous shock. The
IST shock under study is a stationary process.'?

Some remarks are in order. First, as is standard, capital investment is accumulated into the stock of

17 Like lacoviello (2005, 2015), entrepreneurs are risk averse here, unlike risk-neutral entrepreneurs in models of
agency costs (Bernanke et al., 1999). As will be seen, our results are robust when entrepreneurs are risk neutral.

18 The existing literature usually set the same depreciation rate for consumer durables and capital (e.g., Carlstrom and
Fuerst, 2010 and Sudo, 2012, among others).

19 Since our model has no trends, there are no permanent components, and thus, no nonstationary IST shocks (e.g.,
Miyamoto and Nguyen, 2020). Here we also ignore the distinction between IST and MEI shocks. Stationary IST
shocks are equivalent to MEI shocks in our model, as in Justiniano et al. (2010) and Miyamoto and Nguyen (2020).
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capital and ready for use as an input in production in the next period in (5c). On the other hand, in terms of
value, consumer durables are mainly accounted for by residential houses. When these consumer durables
are purchased, they are ready for use as consumption services, as in the conventional wisdom in Barsky et
al. (2007), Monacelli (2009), and Sudo (2012). Hence, in (1), (3), and (5b), the stock of consumer durable
services is formed from the flow of consumer durables in the same period.

Moreover, we posit that only capital investment involves IST shocks. Our formulation is based on the
following reasons. First, in Greenwood et al. (1997, 2000), both equipment capital and structure capital are
accumulated from final goods produced in the same sector, but only equipment capital confronts IST
shocks while structure capital is not affected by IST shocks. Second, and more importantly, existing studies,
such as Chung et al. (2010), argued that there are two categories of consumer durables, and they are
different in how they are affected by IST shocks. The first category of consumer durables comprises
personal computers and home appliances. Production of these goods is likely to receive a favorable impact
from a positive IST shock. The second category includes residential investment. Existing studies agree that
productivity of residential investment is not affected by IST shocks. In terms of value, the majority of
consumer durables are residential houses. Thus, we can think of consumer durables in our paper as
residential houses, and their productivity is not affected by IST shocks.

In the budget constraint (5b), in addition to revenues from sales of intermediates, an entrepreneur may
borrow by issuing one-period nominal debts. Like impatient households, the amount of real loans b;, is
limited by the following collateral constraint.

Rtbj,, sm, (1-8)E[p,, (Dj,t + Kf,z+1)7[c,z+1] =m; (1-9)p.E, [(Dj,t + K/',t+1)ﬂ-d,t+l I, j=e. 4, (5¢)
where D;, is the stock of consumer durables that an entrepreneur in sector j holds and m;e(0,1) is the
entrepreneur’s loan-to-value ratio. Different from impatient households, entrepreneurs use not only
consumer durables but also capital as collateral for borrowing. Since we will focus on an economy in which
entrepreneurs’ borrowing constraints are binding, we assume that entrepreneurs’ discount rates are higher
than savers’ discount rates. Then, entrepreneurs will not postpone consumption and would not quickly
accumulate wealth to completely self-finance, so as not to give a nonbinding borrowing constraint.

An entrepreneur in sector j=c, d maximizes expected lifetime utility, subject to the technology (5a),
the flow budget constraint (5b), capital accumulation (5c), and the borrowing constraint (5e). Let 44, gj,,
and 4;4;; be the current-valued Lagrange multipliers on constraints (5b), (5¢), and (5e), respectively. We
denote MU;©, MU, °, MP; /*, and MP; /X, respectively, as the marginal utility of nondurables and consumer
durables, and the marginal product of labor and capital for entrepreneurs in sector j=c, d in period ¢. The
first-order conditions for C;, L;s, D), bjs, K1, and 14, j=c, d, are

MU}, =2,,, (6a)
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O MPE = w,, (6b)

M= p = B (= OV, (52 pa ) = (1= W p.E, (7, ) (60)

Ry, =1-BE (57, (6d)

P = BB MUS M, 5110 1=8) |0, (1= MU ELp o). (69

o+l

1y Ly (i i\ @ (L
leUEl =plqj,t§t |:1—(I)j (m)—ﬁq)j (ﬁ)jl+ﬂjEz|:pz+1q/‘,z+1§1+l( j;_', ) (I)j (T)j|n (69)

along with transversality conditions limy—«(5)'2;:D;,=0, lim—.(f)"A;,;b;,~0, and limy—w(5;)'q;.K;,++1=0.

Conditions (6a) and (6b) are standard. Conditions (6¢) and (6d) are similar to the first-order conditions
for impatient households. Condition (6e) determines the demand for capital in the next period, in which the
marginal cost of capital is the effective relative price of durables evaluated by g;,, the shadow value of
installed capital in ¢. The marginal benefits of capital include the expected discounted sum of the marginal
value product of capital (in terms of consumption) and the effective relative price of non-depreciated
capital evaluated by the shadow value of installed capital in #+1 (cf. the first term in the right-hand side).
Besides, the marginal benefit of capital contains the marginal gain of relaxing the collateral constraint from
capital (cf. the second term in the right-hand side).

Like Justiniano et al. (2010), Tobin’s Q is the marginal value of installed capital relative to foregone

consumption, % Thus, in (6f), capital investment is optimal when its foregone value is equal to the
s

marginal value of capital investment. The marginal value of capital investment includes the shadow value
of installed capital net of adjustment costs in this period (the first term) and the enhanced shadow value of

capital due to lowering adjustment costs in the next period (the second term). In the case of no investment
adjustment costs (i.e., ®;=0 and ®'=0, j=c, d.), (6f) reduces to % = 5; , and Tobin’s Q equals the
7t t

reciprocal of IST level, which is the real price of capital.

2.4 Retailers and the price setting

There is a continuum of retailers indexed by ze[0, 1]. A retailer buys intermediates from
entrepreneurs in sector j at the competitive wholesale price P;/”(z) and then sells them to final goods
producers in sector j. As is standard in the existing literature that motivates sticky prices, retailers have
monopoly powers when selling intermediates. Following Rotemberg (1982), in setting its monopolistic

price P;«(z), a retailer faces a quadratic cost of adjusting nominal prices in proportion to the value of the

sectoral final output, O(P,,(z))= 197’( &) 1) P.Y,,, j=c, d, where J; signifies the degree of nominal

P/,z—l (2) -
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rigidities in sector j, with 3=0 under flexible prices.
The representative retailer in sector j chooses a sequence of sale prices {P;(z)} ;_, that maximizes the

following expected discounted sum of nominal profits.
E,) A [P, ()Y,,(2)= P (2)Y,,()-O(P, () | . j=c. d.
t=0

subject to the corresponding demand function for intermediates in (4).
L A, . . .
The stochastic discount factor A, = ﬂ‘ﬂ—o’ is relevant to the period-¢ discount factor and the marginal

utility of consumption for patient households. The retailers’ optimal pricing condition for P;(z), j=c, d, is

A G~ MO0 g, ()l |1, +E{A[908,4(-Dr,. @5 Y | =0 ()

where 7; (z)=P;z)/Pj1(z) is the gross inflation of Y;(z) in sector j. Imposing the symmetry condition

(@) _q =
Py T
N Jst

Pli(z)
W

and letting Q, =1-9 (7, -Dz,, + Et[A/C' (70— (7, ) ’”'] (7) gives

P'./_
o= Jo6d.
it

IE

Let X, be a percentage deviation of a variable x; from its steady-state level x. Log-linearization of the

symmetry optimal pricing condition yields the New Keynesian Phillips curve given by

72'”: LK s /t+1) (8)

where x;,=P;,""/P;, is the real marginal cost. In a steady state, 7j,=x;+1=1 for j= ¢, d, and thus Q; = ;+1=1

and the price markup P;/P;"=¢;/(¢i~1) is a constant.

2.5 Equilibrium

In equilibrium, nondurable and durable final goods markets clear.

Y;t = Ct +izc(ﬂ-c,z _1)2 Yc,t’ (93)
=[D,—(1-6)D,_1+1,+% (7, —1)’Y,, (9b)

where C=C+CpHCei+Cy, 1s aggregate nondurable consumption, D=Dy 4Dy DDy, is the stock of
aggregate consumer durables, and /=1 414, is aggregate capital investment.

Moreover, the capital market, the labor market, and the debt market clear.

K, =K., +K,, (10a)
L,+L,, =L, +L,,. (10b)
bs,t +bb,r +bc,r +bd,r =0. (IOC)

Finally, the model is closed by the following generalized monetary policy rule.
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R, R, R 1\ Y, v 1L=Pr
E=(E) ) () 1776, pre(0,1), $:>0, y>0, (11
where 7, = (77:6,1)17” “(7,,)" is a composite inflation index with the weight for durables being the share of

consumer durables in the composite consumption index, and Y=Y, +p:Ya, is real gross domestic product
(GDP). The parameters R, , and Y are steady-state values. Policy parameter ¢; is a shock which evolves

according to
ln gt = pM 11‘1 gt—l + eM,t +VM,r—7’
where the parameter pye (0, 1) measures the persistence of shocks. The innovations ey, and v, are the

contemporaneous and news shocks, which are assumed to be uncorrelated and i.i.d. with N(0, oa/*) and N(O,

o), Tespectively.

3. Data and Methodology

Before studying the effects of an IST news shock, we employ Bayesian methods to estimate structural
parameters and shock processes in the baseline model using quarterly U.S. data over the period
1954Q3-2020Q1 on nine real and nominal variables. The observable variables are output, nondurable
consumption, consumer durables, hours worked, business investment, real wage, business debts, inflation
in the consumption sector, and nominal interest rate.?’ All data are obtained from the Federal Reserve
Economic Data published by the Federal Reserve Bank of St. Louis. The quarterly data are seasonally
adjusted, deflated by the consumption deflators, expressed in logarithms, and detrended by the one-sided
Hodrick-Prescott filter with a smoothing parameter of 1,600 (see Stock and Watson, 1999; Born and Pfeifer,
2021).2" The prior distributions of parameters are set by the standard DSGE literature, such as Smets and
Wouters (2007), Justiniano et al. (2010), Schmitt-Grohé and Uribe (2012), and Gortz and Tsoukalas (2017).
In particular, the prior distributions of Calvo probability and investment adjustment cost parameters are set
following Gortz and Tsoukalas (2017). The prior distribution of the entrepreneur’s loan-to-value ratio
parameter is set as a beta distribution with mean 0.80 and standard deviation 0.15. The prior mean is based
on the maximum regulatory loan-to-value ratio of conventional mortgages in the US. The estimation results

are summarized in Table 1.22

20 The series of observables are GDP, personal consumption expenditures on nondurables and services, personal
consumption expenditures on durables, nonfarm business hours of all persons, gross private domestic investment
(GPDI), compensation of employees in wages and salary accruals, commercial and industrial loans, inflation measured
by the consumption deflator, and effective federal funds rate, respectively. The consumption deflator is the deflator for
personal consumption expenditures on nondurable goods and services.

2l In order to be consistent with our two-sector model, the observables are deflated by the consumption deflator
instead of the GDP deflator in the estimation.

22 We use the Dynare software to estimate the posterior distributions. In the estimation, we choose a high value for the
jscale parameter (jscale=1.5) and a Monte-Carlo based optimization routine for the mode computation by specifying
mode_compute=6. In the Appendix, we report four figures. First, we illustrate both series of the nine actually observed
data and the estimates of these smoothed variables, which indicate that both series are exactly the same and fluctuate
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[Insert Table 1 here]

First, the posterior modes of the Calvo probability of not resetting nondurable and durable prices are
estimated to be about 0.76 and 0.22, respectively, so durable prices are less sticky than nondurable prices,
as shown in Bils and Klenow (2004).2® Next, the coefficients of investment adjustment costs are estimated
to be p=4.12 and ¢;~4.02, which are within the estimates in the standard DSGE literature. The posterior
estimates of the entrepreneur’s loan-to-value ratios are m.~0.79 and m.=0.82, so the entrepreneur’s
loan-to-value ratio is higher than the household’s ratio, as in Iacoviello (2005). As for the monetary policy
rule, the posterior distributions of the parameters lie within the standard range in the literature regarding
Taylor rules.?*

Next, the remaining parameters in the model are standard. We calibrate their values, so the resulting
values of key variables in the steady state match the long-term features of the consumption-to-output ratio
and the investment-to-output ratio of the postwar U.S. economy, which are 0.63 and 0.17, respectively.
Baseline parameter values are summarized in Table 2.

[Insert Table 2 here]

The time frequency is in a quarter. The steady-state real rate of return R is pinned down by savers’
discount factor ;. We choose the real rate of return per annum of 4%. This implies a quarterly discount
factor of £,=0.99. Impatient households (f;) and entrepreneurs (f. and f,) are borrowers and thus have
higher discount rates. As in Monacelli (2009), the fraction of borrowers is %2, and we set 5,=0.98, and as in
lacoviello (2005), we set f=£,=0.98. Following Hansen (1985) and Schmitt-Grohé and Uribe (2012), we
choose the quarterly depreciation rate of consumer durables and capital at 6=0.025. As in Acemoglu and
Guerrieri (2008), the capital shares in the nondurable and the durable goods sectors are set at a.=0.47 and
04=0.27, respectively, to match their average capital shares in 1987-2005.

We set the impatient household’s loan-to-value ratio at m;=0.77 so as to match the average ratio in the
US from 1990 to 2018. The elasticity of substitution between nondurables and durables is set to #=1,
implying the Cobb-Douglas form for the composite consumption index. We choose the steady-state share of

durables in the composite consumption index of x=0.2 in order to match the share of consumer durables

around zero. Next, we depict the estimates of the smoothed structural shocks, which are the best guess for the
structural shocks given all observations, derived from the Kalman smoother at the posterior mean, according to Pfeifer
(2020). The figure suggests that all estimates fluctuate around zero, and particularly, the IST news shock has the largest
volatility among all shocks. Moreover, following Pfeifer (2020), we report graphs produced by identification, in which
the top panel displays the identification strength and the bottom panel exhibits the identification sensitivity of the
parameters. The figure suggests that all parameters are identified except for the Calvo probability. Finally, we plot the
Brooks and Gelman (1998) convergence diagnostic, in which the top panel depicts one line that shows the 80%
interval/quantile range, and the other line shows the mean interval range, based on the range of the posterior likelihood
function. The middle and the bottom panels show the estimates of the same statistics for the second and the third
central moments, respectively. The figure indicates that both lines have stabilized toward the same value.

2 See also Monacelli (2009), Carlstrom and Fuerst (2010), Bouakez et al. (2011), and Sudo (2012).

2% We also test different prior means and standard deviations and use different sample periods with alternative
observables, and we find that the results of the small standard errors of some posterior distributions are robust.
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spending in total private spending in the US. The steady-state elasticity of substitution between
intermediate varieties in the final goods production ¢ is set to be 6 in both the nondurable sector and the
durable sector, which implies a steady-state price markup rate of 20%. In addition, following Barsky et al.
(2007) and Monacelli (2009), we employ the value of the inverse of the Frisch labor supply elasticity at
#s=¢p=1, which is within the range of values used in the existing literature.

We pin down the value of the degree of nominal rigidities 3;, j=c, d, in the following way. Let 0; be the
probability of not resetting prices in sector j=c, d, in the standard Calvo-Yun model. Our estimate yields
6.~0.76, which implies 1/(1-6.)=4.1 and thus, a frequency of nondurable price adjustments of about four
quarters. The slope of the New Keynesian Phillips curve (8) is (¢,—1)/%, j=c¢, d. Moreover, the slope of the
New Keynesian Phillips curve in the Calvo-Yun model is (1-6))(1-5,6)/6;, j=c, d.** Equating these two
slopes gives 9=(g—1)8/[(1-6,)(1-5,0;)]. Given &~6 and B,=0.99, we pin down the value for the degree of
nominal price rigidities in nondurables to 3.=61.24. As for the degree of durable-price stickiness, our
estimate gets 6,=0.22, which implies 1/(1-6,)=1.3 and thus, a frequency of durable price adjustments of
over one quarter. Then we obtain 9,=1.74 in the same way.

Finally, we normalize each household’s time endowment at unity. According to the American Time
Use Survey, average hours worked per person are about 30% of the time endowment. We use the same
value for both patient and impatient households in a steady state and thus set L~L;=0.3. We use the
consumption-leisure tradeoff equation for impatient households to calibrate the parameter of leisure in
preference at v4—=10.84. In the same fashion, we obtain vs=5.25 for patient households.

As a result, in the steady state, the consumption-to-output ratio and the investment-to-output ratio in
our model are 0.66 and 0.13, respectively, which match the long-term features of the postwar U.S. economy.
Besides, Table 3 exhibits business cycle moments for the postwar U.S. data and those generated by the
baseline model with multiple shocks.?® The model generated moments match with those in the data
reasonably well. Consumption is less volatile than output, investment is more volatile than output, and the
wage is slightly more volatile than output. Moreover, real aggregate variables are procyclical. Therefore,
our baseline model is capable of generating business cycle properties in the US.

[Insert Table 3 here]

4. Effects of Positive Investment-Specific Technology News Shocks
This section studies the effects of an IST news shock. We analyze the effects of a positive IST news
shock on the impulse responses of aggregate macro variables in the same way as Jaimovich and Rebelo

(2009). The timing of the news shock is as follows. In period zero, the economy is in the steady state. In

% See Gali and Gertler (1999) and Sbordone (2002).
2 The quarterly data are seasonally adjusted, deflated by the GDP deflators, expressed in logarithms, and detrended
using the Hodrick-Prescott filter with a smoothing parameter of 1,600.
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period one, a news shock arrives, wherein agents learn that there will be a one-standard-deviation increase
in & beginning three periods later, namely, in period four.

To underscore the role of financial frictions and sticky prices, we first illustrate the impulse responses
of the model without both sticky prices and financial frictions, which fails to generate consistent impulse
responses of macro variables. Then, the model is followed by an otherwise identical model except adding
sticky prices, and we will find that the model still fails to produce consistent impulse responses of macro
variables. Finally, we study our baseline model, which is the model with both sticky prices and financial

frictions, and we will show that the model creates consistent impulse responses of macro variables.

4.1 A Model without Sticky Prices and Financial Frictions

First, we envisage the impulse responses of aggregate variables in response to IST news shocks in a
two-sector real-business-cycle (RBC) model without sticky prices and financial frictions.

Without sticky prices, 3=9,~0. Moreover, without financial frictions, the shadow prices of collaterals
are zero, and thus, yw»~w.~ws~0. In order for the modified Euler equations to be consistent with
W ~Wei~ya,;=0, it requires that fy=f~Fi~fs=0.99. We now carry out a positive news shock, wherein, in
period one (or quarter one), agents learn that there will be a one-standard-deviation increase in the IST level
beginning in period four. The impulse responses of aggregate variables are illustrated in Figure 1.

[Insert Figure 1 here]

It is clear from the figure that, in response to a positive IST news shock (cf. Panel L), consumption
decreases (cf. Panel B), and Tobin’s Q goes down (cf. Panel K). A decrease in Tobin’s Q indicates that a
good news shock to IST leads to a decline in firm's value, which is inconsistent with the data. Thus, in
response to a positive IST news shock, an otherwise standard two-sector RBC model without sticky prices

and financial frictions fails to generate impulse responses of macro variables consistent with the data.

4.2 The Model with Sticky Prices

Next, we proceed to analyze a model identical to that in Subsection 4.1 except allowing for sticky
prices. Consequently, parameter values for ws, Wes, Was, Pb, Pe, Pa, and fs in Subsection 4.1 still hold. Now,
nondurable prices and durable prices are sticky with the coefficient of price adjustment being 9.= 61.24 and
9/~=1.74, respectively. This case degenerates to a two-sector version of the Khan and Tsoukalas (2012)
model. The impulse responses are depicted in Figure 2.

[Insert Figure 2 here]

As seen from the figure, in response to a positive IST news shock (cf. Panel L), consumption still goes
down (cf. Panel B), and Tobin’s Q remains falling (cf. Panel K), similar to Figure 1. Hence, in response to
an IST news shock, the model with sticky prices without financial constraints still cannot produce impulse

responses consistent with the data.
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4.3 The Baseline Model: Sticky Prices and Financial Constraints

Finally, we turn to our baseline model, which is a two-sector model with sticky prices and financial
constraints. That is, financial constraints are added into the model in Subsection 4.2. Hence, the parameter
values 3~61.24 and 3,~1.74 are the same as in Subsection 4.2. Financial constraints are binding for
impatient households and entrepreneurs, such that f; must be larger than S5, fc, and fa. As a result, there are
positive shadow prices of collaterals and thus, w3 >0, y. >0, and y;>0. The impulse responses are
illustrated in Figure 3.

[Insert Figure 3 here]

Figure 3 indicates that a positive IST news shock increases all real variables on impact and thus,
output, consumption, labor hours, investment, capital, and real wages all comove (cf. Panels A-F). Due to
binding collateral constraints, the magnitude of the response of consumption is increased by more than
0.6% in Figure 3 (cf. Panel B), as compared to -0.2% in Figure 2. The magnitudes of the responses of
output and investment in Figure 3 are about the same as those in Figure 2 (cf. Panels A and D). In addition,
real debts also rise (cf. Panel G). As a result of a positive news shock to IST, Tobin’s Q goes up (cf. Panel
K), which is in line with the data. As durable prices are more flexible than nondurable prices, the relative
price of durables, and thus the relative price of investment, increases (cf. Panel H). With binding borrowing
constraints, the increase in the relative price of investment raises the value of assets. This increases the
borrowing ability, which in turn leads to more capital investment for business (cf. Panels D and E). As a
result, labor demand rises and output increases (cf. Panels A and C). As the wealth effect of relaxing the
collateral constraint on consumption is larger than the intertemporal substitution effect, consumption goes
up. Hence, a positive IST news shock causes the business cycle comovement.

To understand the reason for the comovement, we note that households’ and entrepreneurs’ collaterals
are durables, which are primarily the value of houses and structures, and thus reflect the value of land. In
response to positive IST news shocks, the demand for investment increases, which raises the relative price
of investment goods, and thus, the relative price of durables. A higher durable price increases the value of
households’ and entrepreneurs’ durables/houses, which in turn relaxes the collateral constraint. This creates
a strong wealth effect, which dominates the intertemporal substitution effect that would otherwise reduce
current consumption and increase future consumption. As a result, investment and consumption both
increase on impact, and real aggregate variables comove.

We remark that a positive IST news shock increases the relative price of durables (i.e., the relative
price of investment) in our model. Some may argue that the result is at odds with the data, as a branch of
research indicated a countercyclical relative price of investment prior to the mid-1980s or 1990s (e.g.,
Fisher, 2006). However, recent literature suggests no robust evidence that this relative price is indeed

countercyclical. For example, using three definitions of aggregate investment (total private investment,
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business investment, and household investment),?’ two measures of the price of consumption (the
numéraire used to compute relative prices), and two subsample periods (1960-1983 and 1984-2013),
Beaudry et al. (2015) found that the relative price of investment to consumption was procyclical over the
post-1983 period and almost always significantly so for all the measures. Moreover, these authors
established that the results are robust to the choice of the consumption deflators, and quality-adjusted
investment price series with two from Cummins and Violante (2002) and one from Liu et al. (2011). They
also showed that the relative price of investment was rarely countercyclical and never significantly so,
when considering a longer sample, and that the result is held for the other G7 countries. Furthermore,
Thomet and Wegmueller (2021) also found that the relationship between the relative price of investment
and GDP is positive in Canada, France, Japan, the UK, and the US over the period 1982Q3-2016Q4.

To facilitate comparison of whether the source of aggregate fluctuations is from IST news shocks or
other shocks, we perform variance decompositions to each of the eighteen orthogonal shocks in our
baseline model, including news and non-news (contemporaneous) shocks to IST, to aggregate TFP, to two
sectoral TFPs, to durables preference, to labor supply, to monetary policy, and to two sectoral price
markups. Table 4 presents the variance decomposition of the macro variables accounted for by all these
shocks in our baseline model.

[Insert Table 4 here]

As seen from the table, IST news shocks are the dominant source of volatility and account for over 50
percent of the fluctuations in output, consumption, investment, and real wages. IST contemporaneous
shocks account for about 25 percent of the fluctuations on average. However, each of the remaining shocks
explains no more than 10 percent of the fluctuations at most. Table 4 indicates that news shocks to IST
generate sizable effects not only on investment but also on consumption and labor hours.?® The results are
in contrast to Schmitt-Grohé and Uribe (2012), who found that stationary news shocks to IST generate
large effects on investment but very small effects on consumption and labor hours. Therefore, IST news
shocks are a much more relevant source of uncertainty than IST contemporaneous shocks and other

standard shocks in the baseline model.?’

27 Total private investment is the sum of business investment and household investment, with business investment
being the sum of equipment, structures, and intellectual property rights, and household investment being the sum of
residential housing and durables.

28 We note the work by Guerrieri et al. (2014), which resolved the comovement problem by studying multi-factor
productivity (MFP) shocks to a machinery sector in a two-sector model with the extension of Greenwood et al. (1997).
The shocks to the TFP in the durables sector in our model act like MFP shocks in the machinery sector in Guerrieri et
al. (2014). However, based on our Bayesian estimation, the sectoral TFP news and non-news shocks in the durables
sector only account for 0.8 percent of the fluctuations in output and thus, are not the main source of volatility.

2 Table 4 indicates that the consumption volatility is explained more by TFP news shocks in the durable sector than
by TFP news shocks in the nondurable consumption sector. To see the intuition, we note that entrepreneurs consume.
Moreover, as durable prices are less sticky than nondurable prices, TFP shocks in the durable sector change durable
prices. Thus, a change in entrepreneur’s cash flows influences entrepreneur’s consumption. As a result, consumption
volatility is explained more by TFP shocks in the durable sector than by TFP shocks in the nondurable sector.
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The unconditional forecast error variance decomposition in Table 4 is constructed at an infinite
forecast horizon. In a recent paper, Sims (2016) has argued that the forecast horizon also matters in
decomposing the forecast error variance between news shocks and non-news shocks. Simulating the effects
of fourteen news shocks and seven unanticipated shocks in the Schmitt-Grohé and Uribe (2012) model,
Sims (2016) found that the variance shares due to news shocks for output, consumption, investment, and
labor hours are small in the beginning but increase after news shocks are materialized.

In Table 5, we carry out the forecast error variance decomposition to the eighteen shocks under
concern at different forecast horizons. In comparison with Sims (2016)’s results, for all variables, the
variance shares attributable to IST news shocks are in a majority for the periods after news shocks are
realized. In particular, IST news and non-news shocks are always dominant sources of volatility in real
aggregates for all forecast horizons in our baseline model.

[Insert Table 5 here]

5. Sensitivity Analysis

This section carries out sensitivity analyses for the results of our baseline model. We have underlined
the role of sticky prices and financial constraints, and the coefficients of the price adjustments are not
identified. To understand the sensitivity of sticky prices and financial constraints, firstly, we investigate the
robustness of the results if nondurable prices are adjusted in more than four quarters. Moreover, the durable
price is less sticky than the nondurable price in our baseline. It is interesting to see the robustness of the
results if durable prices become stickier. Besides, the baseline model does not separate the role of financial
constraints on households from that of financial constraints on entrepreneurs, and thus it is appealing to
distinguish their roles in this section. Furthermore, entrepreneurs are assumed to be risk averse in the
baseline model, and thus it is intriguing to understand the robustness of the results if entrepreneurs are risk

neutral. Finally, TFP news shocks will also be explored.

5.1 Price Stickiness of Nondurables

In our baseline estimation, the frequency of nondurable price adjustments is about four quarters,
which lies within the range in the standard New Keynesian literature. Justiniano et al. (2010) and Gortz and
Tsoukalas (2017) estimated the price-stickiness of consumption goods at over six and five quarters, with the
probability of not resetting prices being 0.84 and 0.82, respectively. This subsection examines the
sensitivity of our baseline results when nondurable prices are stickier. We employ the probability of
resetting nondurable prices, 1-6,=0.24, to pin down $~=61.24. To see how the result changes when
nondurable prices are stickier, we decrease the probability of resetting nondurable prices, and thus raise the
cost of nondurable price adjustments, $.. We envisage the impulse responses, when the probability of

resetting nondurable prices decreases from 0.24 to 0.2 and then to 0.17, which implies that the nondurable
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consumption price is reset less frequently from every four quarters to every five quarters and then to every

six quarters, respectively, with the corresponding adjustment cost parameter value of J. being increased

from 61.24 to 96.15 and then to 142.80, respectively. The impulse responses are displayed in Figure 4.
[Insert Figure 4 here]

With stickier nondurable prices, less firms raise nondurable prices in response to a positive IST news
shock. Then, the durable price relative to the nondurable price increases more than that in the baseline
model on impact (cf. Panel H), so the real debt is influenced more by collateral prices on impact (cf. Panel
G). Therefore, the wealth effect of the collateral value becomes stronger, and real aggregate variables also
rise by more.

The simulation indicates that our results of comovement are robust as long as the stickiness of

nondurable price is higher than two quarters, which lies within the range of the estimates in the literature.

5.2 Price Stickiness of Durables

In our baseline estimation, durable prices are more flexible than nondurable prices. This subsection
shows that, if durable prices become stickier, an IST news shock can still generate comovement. Our
estimation results in the probability of resetting durable prices, 1-6,~0.78, so 9,=1.74. To see how the
result changes when durable prices are stickier, we decrease the probability of resetting durable prices and
thus raise the cost of durable price adjustments, 95, We scrutinize the impulse responses of aggregate
variables, when the probability of resetting durable prices decreases from 0.78 to 0.5 and then to 0.33,
which implies that durable prices are reset less frequently from every 1.3 quarters to every 2 quarters and
then to every 3 quarters, respectively, with the corresponding adjustment cost parameter value of 3, being
increased from 1.74 to 9.90 and then to 30.15, respectively. The impulse responses are shown in Figure 5.

[Insert Figure 5 here]

Figure 5 indicates that, with nondurable prices being reset every four quarters, real aggregates comove
when durable prices are reset every two and three quarters. With stickier durable prices, less firms raise
durable prices in response to a positive IST news shock. Although on impact, the relative price of durables
does not increase as much as the baseline model (cf. Panel H), real aggregate variables still comove. Our
simulation result indicates that the comovement is robust as long as the frequency of the durable price

adjustment is higher than that of the nondurable price adjustment, as evidenced by Bils and Klenow (2004).

5.3 Collateral Constraints: Households vs. Entrepreneurs

This subsection differentiates the role played by households’ collateral constraints from the role
played by entrepreneurs’ collateral constraints. We start by the case of an otherwise identical baseline
model except removing households’ collateral constraints, followed by the case of an otherwise identical

baseline model where entrepreneurs’ collateral constraints are taken away. The impulse responses to a
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positive IST news shock are exhibited in Figure 6, wherein the impulse responses of the baseline model are
also illustrated.
[Insert Figure 6 here]

First, when households’ collateral constraints are not binding, output, consumption, labor hours,
investment, real wages, and real debts still rise and comove on impact, but the responses of consumption,
real wages, and real debts are mitigated (cf. green dashed lines). However, when entrepreneurs’ collateral
constraints are not binding, with binding households’ collateral constraints, consumption falls and Tobin’s
Q goes down on impact (cf. red long-dashed lines), which is against the empirical evidence. In particular,
entrepreneurs no longer have to rely on the relaxation of the collateral constraint to raise their funding
(borrowing capacity, cf. Panel G), in order to meet the increase in the demand for investment in capital
before positive IST news being realized in the fourth quarter (cf. Panels D and E). In summary,
entrepreneurs’ collateral constraints play a crucial role in driving the comovement of real variables in

response to an IST news shock, while households’ collateral constraints play only a minor role.

5.4 Risk Neutral Entrepreneurs

Finally, we have discovered that, along with sticky prices, it is the entrepreneurial collateral constraint
that is crucial. The result is obtained when entrepreneurs are also assumed to be risk averse, as in lacoviello
(2005). It may be intriguing to understand what role entrepreneur’s risk aversion plays in generating the
comovement. To see this, we examine the alternative case when entrepreneurs are risk neutral, which has
been used by the financial-contract (agency-cost) literature (cf. Bernanke et al., 1999). Suppose that the
model is otherwise identical to our baseline model, except that the entrepreneur’s utility is linear in the

index of composite consumption as follows.
E, ) (B) X,,, where BB, j=c,d.
t=0

Figure 7 compares the impulse responses to IST news shocks in our baseline model with those in the
otherwise identical model when entrepreneurs are risk neutral. As is clear, the comovement of real
aggregate variables still holds true (cf. green dashed lines), despite the larger percentage fluctuations of real
variables than the baseline model with hump-shape responses. Besides, Tobin’s Q declines as compared to
the baseline model with risk-averse entrepreneurs. Thus, our baseline model has a better fit to the data than
the model with risk-neutral entrepreneurs.

[Insert Figure 7 here]

5.5 TFP News Shocks
So far, we have focused on IST news shocks. Based on variance decompositions, IST news shocks

account for a majority of business cycle fluctuations. Although only less than 1 percent of the fluctuations
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in output are driven by TFP news shocks, it is also worthwhile to check if TFP news shocks can cause
comovement in our model. As reported in Figure 8, in response to a positive aggregate TFP news shock,
Tobin’s Q rises (cf. Panel K), and the relative price of investment increases (cf. Panel H).

[Insert Figure 8 here]

With binding collateral constraints, the increase in the relative price of investment raises the value of
assets. Then the borrowing capacity is improved (cf. Panel G), which in turn leads to more investment for
business (cf. Panel D). As a result, labor demand rises and output increases (cf. Panels A and C). As the
wealth effect of relaxing the collateral constraint on consumption is larger than the intertemporal
substitution effect, consumption goes up (cf. Panel B). Hence, a positive TFP news shock causes the
business cycle comovement. In addition, TFP news shocks also generate deflation (cf. Panel I), which is
consistent with those identified in the data using the VAR model, such as Gortz et al. (2021). Therefore, our

mechanism applies to not only IST news shocks but also TFP news shocks.

6. Conclusion

Recent research in DSGE models and VAR models has suggested that the most important drivers of
business cycle fluctuations are unanticipated IST shocks, rather than traditional unanticipated TFP and
other shocks. Moreover, in VAR models, research has also empirically identified IST news shocks as a
significant driving force behind the U.S. business cycle. However, in one-sector DSGE models, research
has found that IST news shocks do not produce comovement of real aggregate variables with the share of
the forecast error variance explained by IST news shocks being very small in a flexible-price model and
essentially zero in a sticky-price model. This paper studies the effects of IST news shocks on business
cycles in a two-sector sticky-price DSGE model with consumer durables and collateral constraints.

We found that positive IST news shocks increase output, labor hours, investment, and consumption on
impact and thus, generate comovement of real macroeconomic variables in our model. By contrast, positive
IST news shocks lead to a decline in consumption in an otherwise identical model except either sticky
prices or collateral constraints. Our variance decomposition indicates that IST news shocks are a more
relevant source of uncertainty than IST non-news shocks and other shocks. Different from existing DSGE
models with flexible prices, our model produces comovement of aggregate variables in response to IST

news shocks without relying on variable capital utilization as well as small wealth effects on the labor

supply.
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Table 1. Prior densities and posterior estimates in the baseline model

Parameter Descrintion Prior distribution Posterior distribution
P Distr. Mean St. Dev. Mode Mean 5% 95%
0. Calvo probability of Beta 080  0.10 07554  0.7567 0.7527 0.7613

nondurable-sector prices
Calvo probability of durable-sector

Oa prices Beta 0.20 0.10 0.2154 0.2138 0.2089 0.2175
Pe g(‘;;i?;;‘ll; Zgi‘tlimem cost in Gamma 400  1.00 41150 41184 41075 4.1294
Pa gﬁvr:l;tl?:‘;z;ij““mem cost in Gamma 400 1.00 40164 40176 40108  4.0230
me in;fféiﬁzsgSsi‘ft‘g;to'value o pey 0.80  0.15 0.7919 07923  0.7903  0.7940
ma in;fgf;e:;f;fan‘“"value o g 0.80  0.15 0.8178  0.8180 0.8169 0.8194
DR Taylor rule inertia Beta 0.50 0.20 0.5200 0.5205 0.5186 0.5228
Px Taylor rule inflation Normal 1.70 0.30 1.7037  1.7012 1.6942 1.7091
by Taylor rule output Normal 0.125 0.05 0.3358 0.3365 0.3327 0.3430
Shocks: Persistence
pr IST Beta 0.60 0.20 0.4531 0.4509 0.4447 0.4566
pa Aggregate TFP Beta 0.60 0.20 0.6959  0.6933  0.6832 0.7011
Pic TFP in nondurable sector Beta 0.50 0.20 0.4583 0.4616 0.4588 0.4645
Pad TFP in durable sector Beta 0.50 0.20 0.6265 0.6275 0.6189 0.6351
Pu Preference Beta 0.60 0.20 0.5702 0.5704 0.5653 0.5743
Do Labor supply Beta 0.60 0.20 0.6657  0.6600 0.6575 0.6623
pm Monetary policy Beta 0.60 0.20 0.4608 0.4602 0.4555 0.4639
Ppe Price markup in nondurable sector  Beta 0.60 0.20 0.5973  0.6038 0.6019 0.6079
Ppd Price markup in durable sector Beta 0.60 0.20 0.7040  0.7064 0.7029 0.7101
Contemporaneous Shocks: Volatilities

or IST Inv Gamma  0.005 2.00 0.1777  0.1805 0.1776  0.1846
o4 Aggregate TFP Inv Gamma  0.005 2.00 0.0031  0.0029 0.0026 0.0032
O4c TFP in nondurable sector Inv Gamma  0.005 2.00 0.0013  0.0012 0.0010 0.0015
Oud TFP in durable sector Inv Gamma  0.005 2.00 0.0048  0.0047 0.0037 0.0056
Oy Preference Inv Gamma  0.001 2.00 0.0292  0.0296 0.0277  0.0309
Ow Labor supply Inv Gamma  0.001 2.00 0.0005  0.0006 0.0003  0.0009
oM Monetary policy Inv Gamma  0.001 2.00 0.0010 0.0010 0.0009 0.0011
Ope Price markup in nondurable sector Inv Gamma  0.001 2.00 0.0220  0.0211 0.0194 0.0226
Opd Price markup in durable sector Inv Gamma  0.001 2.00 0.0078  0.0078 0.0072  0.0089

News Shocks: Volatilities
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Ok IST Inv Gamma  0.0035 2.00 0.2267 0.2269 0.2212  0.2319
Oy Aggregate TFP Inv Gamma 0.0035 2.00 0.0014  0.0017 0.0012 0.0023
Odev TFP in nondurable sector Inv Gamma 0.0035 2.00 0.0010  0.0010  0.0007 0.0014
OAdy TFP in durable sector Inv Gamma 0.0035 2.00 0.0056  0.0050 0.0038 0.0062
Oy Preference Inv Gamma  0.0007 2.00 0.0003  0.0006 0.0002 0.0011
Owv Labor supply Inv Gamma  0.0007 2.00 0.0051  0.0050 0.0046 0.0053
OMv Monetary policy Inv Gamma 0.0007 2.00 0.0013  0.0013 0.0012 0.0014
Opev Price markup in nondurable sector  Inv Gamma 0.0007 2.00 0.0151 0.0174 0.0135 0.0209
Opdv Price markup in durable sector Inv Gamma  0.0007 2.00 0.0003  0.0005 0.0002 0.0007
Note: The posterior distribution is obtained using the Metropolis-Hastings algorithm.
Table 2. Baseline parameter values (frequency: quarters)
Description Parameter
elasticity of substitution between nondurables and durables n 1
steady-state elasticity of substitution between intermediates for nondurable/durable e, €d
sector ¢
steady-state share of durables in the composite consumption index U 0.2
inverse of elasticity of labor supply of patient/impatient households bs, Db 1
discount factor of patient households Ps 0.99
discount factor of impatient households P 0.98
discount factor of entrepreneurs in nondurable/durable sector Pes Pa 0.98
capital share of the nondurable sector Oc 0.47
capital share of the durable sector 04 0.27
depreciation rate of consumer durables and capital o 0.025
hours worked of patient/impatient households L, Ly 0.3
impatient households' loan-to-value ratio mp 0.77
parameter of labor in utility for patient households Vs 5.25
parameter of labor in utility for impatient households Vb 10.84

28



Table 3. Business cycle moments

Data

(1947Q1-2021Q4) Model
SD of consumption (relative to output) 0.67 0.91
SD of investment (relative to output) 4.44 8.13
SD of wage (relative to output) 1.07 1.09
Corr (consumption, output) 0.76 0.67
Corr (consumption, investment) 0.46 0.39
Corr (investment, hours) 0.76 0.53
Corr (wage, output) 0.86 0.90
Corr (consumption, wage) 0.67 0.84
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Table 4. Variance decomposition in the baseline model (%)

IST shock Aggregate TFP TFP shock in TFP shock in Durables
Variable shock C-sector D-sector preference shock
News Non-news News Non-news News Non-news News Non-news News  Non-news

Output 73.27 22.25 0.22 0.58 0.02 0.02 0.62 0.20 0.00 0.06
Consumption 51.94 29.55 0.04 1.00 0.01 0.01 0.74 1.30 0.00 2.82
Hours 35.12 20.45 0.07 0.84 0.09 0.29 6.21 0.81 0.00 2.10
Investment 80.20 18.69 0.01 0.15 0.00 0.00 0.09 0.08 0.00 0.08
Real wage 67.82 20.81 0.04 0.25 0.01 0.02 0.49 0.08 0.00 0.07
Real debt 67.01 27.05 0.02 0.50 0.00 0.01 0.44 0.56 0.00 0.30
Relative price of ) 59 14 g 0.04 0.43 0.02 0.01 1.54 1.00 0.00 1.42
investment goods

Inflation 73.37 21.36 0.15 0.94 0.02 0.04 0.21 0.20 0.00 0.09
Nominalinterest 7433 20.66 0.19 0.65 0.02 0.03 0.52 0.11 0.00 0.10

rate

Table 4. (Cont.) Variance decomposition in the baseline model (%)

Monetary policy Price markup Price markup
Variable Labor supply shock shock shock in C-sector shock in D-sector
News  Non-news News Non-news News Non-news News Non-news
Output 0.25 0.00 0.27 0.42 0.88 0.85 0.00 0.08
Consumption 0.05 0.00 1.18 3.51 2.86 3.89 0.00 1.10
Hours 9.32 0.06 1.73 4.85 4.46 6.09 0.02 7.49
Investment 0.01 0.00 0.11 0.22 0.16 0.13 0.00 0.07
Real wage 0.33 0.01 0.87 1.92 3.27 3.84 0.00 0.18
Real debt 0.03 0.00 0.44 1.15 0.89 1.07 0.00 0.54
Relative price of ) 7 0.00 0.83 0.73 4.06 3.37 0.00 1.81
investment goods
Inflation 0.15 0.00 0.94 0.85 0.84 0.70 0.00 0.12
Nominal interest .20 0.00 1.60 0.29 0.69 0.46 0.00 0.15

rate
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Table 5. Conditional variance decomposition in the baseline model (%)

Forecast Horizon

Variable Shock 1 2 3 4 5 8 16 32 0
Output IST news 1663 1866 2458 3301 4592 6504 7311 7317 7327
IST non-news 24.78 4074 47.69 4398 3798 27.50 2226 2226 2225
Others 5859  40.6 2773 2301 161 746 463 457 448
Consumption IST news 13.03 1615 2205 3222 37.12 4039 41.83 47.17 51.94
IST non-news 41.01  42.07 3979 3434 3173 3040 3131 3098 29.55
Others 4596 4178 3816 3344 31.15 2921 2686 21.85 1851
Hours IST news 1205 1326 17.11 2255 2404 2370 2505 2740 35.12
IST non-news 31.76 3033 27.59 2001 17.99 17.68 1839 19.95 20.45
Others 56.19 5641 553 5744 5797 5862 5656 52.65 44.43
Investment  IST news 2701 42.12 5824 7220 7808 80.63 79.80 8021 80.20
IST non-news  71.07 5626 4053 2695 2123 1864 19.10 1868 18.69
Others 192 162 123 085 069 073 11 L1l 11l
Real wage  IST news 2371 2973 3853 4932 5546 6376 6745 6748 67.82
IST non-news 37.14 37.30 3403 27.92 2499 2177 2046 2077 208l
Others 39.15 32,97 2744 2276 1955 1447 1209 1175 1137
Real debt  IST news 1274 1310 1473 3512 4796 6153 66.05 6626 67.01
IST non-news 4836 5699 6035 47.66 39.17 30.18 2736 27.46 27.05
Others 3890 2991 2492 1722 1287 829 659 628  5.94
Relative price IST news 2301 3194 41.06 49.17 5557 6644 69.05 70.56 70.59
of investment [ST non-news 11.72 1624 19.06 1898 1829 1554 14.13 1391 14.08
goods Others 6527 51.82 39.88 31.85 2614 1802 1682 1553 15.33
Inflation  IST news 0.06 944 2060 31.90 4644 6646 7343 7326 7337
ISTnon-news 0.11  20.01 3439 37.85 3435 2528 21.11 2132 2136
Others 99.83  70.55 4501 3025 1921 826 546 542 527
Nominal  IST news 412 365 1193 2502 40.15 6502 7451 7426 7433
interestrate T onnews 292 5.62 1827 29.87 3241 2553 2025 20.55 20.66
Others 9296 9073 69.80 4511 2744 945 524 519 50l

Note: Other shocks include contemporaneous (non-news) and news shocks from aggregate TFP, two
sectoral TFPs, durables preference, labor supply, monetary policy, and two sectoral price markups. The
column corresponding to forecast horizon 4 means news shocks become realized.
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Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state.

Panel (E) Capital is expressed for K;+1, so the value of K> is in period 1.

Figure 1. Impulse responses to a positive IST news shock in a model without sticky prices and

financial frictions
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Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state.
Panel (E) Capital is expressed for K;+1, so the value of K> is in period 1.

Figure 2. Impulse responses to a positive IST news shock in a model, which adds sticky prices
into the model in Figure 1.
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Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state.
Panel (E) Capital is expressed for K;+1, so the value of K> is in period 1.

Figure 3. Impulse responses to a positive IST news shock in the baseline model, which adds
financial constraints into the model in Figure 2.
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Baseline model
— — Baseline model with 5-quarter stickiness of nondurable prices
- — — - Baseline model with 6-quarter stickiness of nondurable prices

Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state.
Panel (E) Capital is expressed for K;+1, so the value of K> is in period 1.

Figure 4. Sensitivity: impulse responses to a positive IST news shock in the baseline model and
otherwise identical models except for varied degrees of nondurable price stickiness.
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Panel (E) Capital is expressed for K;+1, so the value of K> is in period 1.

Figure 5. Sensitivity: impulse responses to a positive IST news shock in the baseline model and those

with varied degrees of durable price stickiness.
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Baseline model
— — Baseline model without entrepreneurs’ collateral constraints
= = = - Baseline model without households’ collateral constraints

Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state.
Panel (E) Capital is expressed for K;+1, so the value of K> is in period 1.

Figure 6. Sensitivity: impulse responses to a positive IST news shock in the baseline model and
otherwise identical models without households’ or entrepreneurs’ collateral constraints.
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Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state. Panel

(E) Capital is expressed for K+1, so the value of K3 is in period 1.

Figure 7. Sensitivity: impulse responses to a positive IST news shock in the baseline model and
the otherwise identical model when entrepreneurs are risk neutral.
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Note: The horizontal axis is quarters; the vertical axis is percentage deviations from the steady state. Panel
(E) Capital is expressed for K+1, so the value of K3 is in period 1.

Figure 8. Impulse responses to a positive TFP news shock
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