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Abstract

This paper demonstrates that, in a standard RBC model, internal consumption
habits alone are sufficient to generate positive comovements among key macroeconomic
aggregates in response to news about future productivity. We highlight the prospective
channel associated with internal habits, through which the effect of news shocks is
transmitted to the present, stimulating current consumption, labor, and investment.
Without this channel, other forms of preferences such as external habits fail to generate
the positive comovements. The quantitative performance of the model is also discussed.
Arguably, we provide a nearly minimal departure from the RBC framework to generate

expectation-driven business cycles.
JEL classification: C62; E32;

Keywords: Habit; Business cycles; News shocks

*Fengqi Liu, School of Economics, Nankai University, Tianjin, China; The Laboratory for Economic
Behaviors and Policy Simulation, Nankai University, Tianjin, China, e-mail: fengqiliucr@163.com. Ke-
qging Liu, Wang Yanan Institute for Studies in Economics, Xiamen University, Fujian, China, e-mail: ke-
gingliu@xmu.edu.cn. Jianpo Xue, Wang Yanan Institute for Studies in Economics, Xiamen University,

Fujian, China, e-mail: jpxue@xmu.edu.cn.



1 Introduction

The notion of consumption habit formation has been employed in consumer preferences as
a fundamental element of macroeconomic models. It has been quite successful at captur-
ing business cycle and asset pricing properties (Abel, 1990; Jermann, 1998; Campbell and
Cochrane, 1999; Ljungqvist and Uhlig, 2015) and is currently widely used to generate hump-
shaped responses of consumption to exogenous shocks and additional persistence. In partic-
ular, the literature on news-driven business cycles has begun to recognize that consumption
habit formation is helpful for generating plausible comovements among aggregate variables
in response to news about future fundamentals (Christiano et al., 2008). However, conven-
tional wisdom holds that consumption habits are employed only to improve the quantitative
performance of news shock comovements (Beaudry and Portier, 2014). Existing studies do
not seem to acknowledge the qualitative importance of this preference structure for aggre-
gate comovements, and the mechanism through which habits help to generate news-driven
business cycles remains unclear

This paper attempts to fill this gap by providing comprehensive analysis on whether,
and how, habits alone can help to produce news-driven business cycles in an otherwise
standard real business cycle (RBC) model. To this end, we incorporate internal habits
into consumers’ preferences where the consumer’s period utility is affected by her own past
consumption. Our analytical proof shows that in an internal-habit model without any other
departure from standard RBC assumptions, news about future technology can generate
positive comovements among output, consumption, investment, and hours worked. The
result demonstrates the qualitative importance of internal habits for news-driven business
cycles. Arguably, we provide a nearly minimal departure from the RBC setting to obtain
plausible news shock comovements.

Our analytical demonstration highlights the prospective channel through which internal

habits help to generate plausible news-driven business cycles. The prospective channel of

!The only exception is Wang (2012), who showed by numerical experiments that habits alone can generate

positive comovements among consumption and labor in a standard RBC model.



internal habits operates via changes in expected future consumption: When households take
future consumption into consideration, the fact that future consumption will eventually in-
crease has a positive effect on the shadow value of wealth. The increase in the shadow value
of wealth encourages households to increase their labor supply and is essential for a positive
response of hours worked. Without the prospective channel, the plain-vanilla RBC model
cannot generate comovements between consumption and labor because consumption and the
shadow value of wealth move in the opposite direction. Moreover, the prospective channel
introduces a smoothing effect on consumption dynamics, mainly by lowering the household’s
(local) intertemporal elasticity of substitution (IES). We demonstrate that the (local) level
of IES is crucial for the positive comovements between consumption and investment. On the
one hand, the IES cannot be too low because a strong consumption-smoothing motive causes
a larger (if positive) response of consumption and induces a larger crowding-out effect on in-
vestment. If this prospective effect is excessively large, it may crowd out investment. On the
other hand, the IES cannot be too high because households may postpone their consumption
until the shock actually materializes, and the current response of consumption to a positive
news shock can be negative. Thus, to generate plausible comovements among consump-
tion, labor, and investment, the curvature parameter of household preferences, which affects
the level of IES and risk aversion, should be carefully chosen. The range of the curvature
parameter that generates plausible news shock comovements is derived.

Next, we consider another type of consumption habits named external habits to examine
whether the model can still generate news-driven business cycles. Both internal and external
habits are commonly used in DSGE models to generate additional persistence in consump-
tion dynamics.E The difference is that with external habits, a household’s period utility is
affected by the aggregate level of past consumption, which consumers consider exogenous.
Although external habits also generate a consumption smoothing effect like internal habits,

it is achieved mainly through past consumption: A higher level of past consumption increases

2See the similar numerical performance of both consumption habits in response to unanticipated shocks

in Dennis (2009).



a household’s incentive to raise current consumption, making the consumption path more
persistent. To distinguish it from the prospective channel of internal habits, we name this
the retrospective channel. Without the prospective channel, the framework with external
habit formation fails to produce a positive response of consumption to favorable news shocks
in conjunction with an increase in hours worked. The above comparison between internal
and external habit formation highlights the central role of the consumption-smoothing effect
via expected future consumption, especially from the perspective of news-driven business
cycles.

We further show that this difference between internal and external habits in terms of
news shocks persists in a more generalized notion of consumption externalities. Instead
of external habits, we consider another notion of consumption externality that incorporates
contemporaneous aggregate consumption into the utility function (also known as “keeping up
with the Joneses” (KUJ) effect). We prove that a positive TFP news shock cannot generate
simultaneous increases in consumption, labor, and investment. Indeed, KUJ preferences
introduce a novel channel through which a higher level of contemporaneous social average
consumption increases the marginal rate of substitution (MRS) between consumption and
labor. Thus, a higher level of consumption has a positive effect on labor supply. However,
unlike internal habit formation, the positive effect on labor is static, and the KUJ effect
should be large enough to generate positive responses of consumption and hours worked.
Moreover, a larger positive response of current consumption causes a larger crowding-out
effect on investment, and current investment may decrease without the prospective channel.
While the business cycle literature often treats various forms of habits and consumption
externalities as interchangeable components for analyzing consumption dynamics, the above
result highlights the distinction between internal habits and other types of consumption
externalities in the context of news-driven business cycles.

Although our analysis demonstrates the crucial difference between two types of habits
regarding news-driven business cycles, it is still unclear whether such difference is still quan-

titative significant in a medium-scale DSGE model. Existing studies in the news shock



literature show that internal habits are among one of the elements that helps to generate
the plausible comovements, such as investment adjustment costs, variable capital utilization,
and utility function a la Jaimovich and Rebelo (2009) (JR). To this end, we employ both
internal and external habits in a medium-scale DSGE model from Schmitt-Grohé and Uribe
(2012), which incorporated all of these elements. We conduct Bayesian estimation for both
cases, while leaving the other parts of the model unchanged. Our results show that with
internal habits, both consumption and hours worked increase after households receive the
positive news, whereas under external habits, consumption decreases initially. Furthermore,
the estimated model with internal habits has a higher value of the log marginal density than
that with external habits, indicating stronger support for the internal habit model. More-
over, we examine the ranges of JR preference parameter and the investment adjustment
cost parameter that could generate news shock comovements. We find that the pairs of
parameters for news shock comovements are wider in the internal habit model. The above
numerical exercise demonstrates that the difference between internal and external habits is
still significant in more fruitful quantitative models.

Next, we examine the quantitative performance of the baseline model with internal habits.
Our calibrated model shows that although internal habits alone can generate news-driven
business cycles, the range of values for the curvature parameter is smaller compared to the
commonly used values in the DSGE literature. The limited quantitative performance of our
model primarily stems from the absence of additional elements. However, there are various
approaches available to address this quantitative limitation. We first explore the inclusion of
additional elements that have been utilized in the literature on news-driven business cycles,
such as JR preferences and investment adjustment costs. Moreover, this paper provides one
novel way to increase the range of the parameter for comovement, that is, to incorporate the
KUJ effect into the utility function. We analytically show that both the lower and upper
bounds of the curvature parameter increase after introducing the KUJ effect. This is because
a higher level of social average consumption increases the marginal rate of transformation

between consumption and leisure and causes a further increase in labor supply. A larger



positive response of labor causes a higher level of aggregate output and eases the crowding-
out of consumption on investment. According to our numerical experiment, one can choose
empirically plausible curvature and internal habit parameters for the utility function when

the KUJ effect is introduced, and plausible news-driven comovements can still be retained.

Related Literature

Our paper adds to the literature that attempts to imitate empirically plausible news shock
comovements among key aggregate variables (Beaudry and Portier, 2007, 2014).E These
papers incorporate various forms of additional elements to enrich plain-vanilla RBC models,
attempting to generate such plausible news shock comovements. Some studies introduce
financial frictions to achieve that goal, such as Kobayashi et al.(2012). Kamber et al. (2017)
introduce financial constraints a la Jermann and Quadrini (2012). They show that a fa-
vorable news shock can relax firms’ borrowing constraints. Gortz et al. (2022b) consider a
model with a financially constrained banking sector and show that good news about future
TFP increases the value of bank equity and relaxes banks’ borrowing constraint. Others
attempt to introduce a positive substitution channel through which good news about fu-
ture fundamentals increases the current wage rate (e.g., Gunn and Johri, 2011; Pavlov and
Weder, 2013; Chen and Lai, 2015). Another seminal work that is closely related to our paper
is Jaimovich and Rebelo (2009), who introduce a specific nonseparable utility function that
yields a weaker wealth effect on labor supply. Investment adjustment costs and variable
capital utilization are also introduced to enhance the positive substitution effect to achieve
news-driven business cycles. Their utility function also incorporates a certain degree of habit
formation, but the presence of a weaker income effect and other additional elements makes
the role of internal habits obscure. Wang (2012) studies news-driven business cycles from
a labor-market approach. He analyzes the effects of various elements such as sticky prices,

JR preferences, and internal habits, concluding that that a positive substitution effect on

3In this paper, we only list the studies with one-sector models. See the extensive review of the literature

on two-sector models in Beaudry and Portier (2014).



labor supply is a necessary condition for a one-sector RBC model to generate news-driven
business cycles. In his numerical experiments, he provides the necessary condition for the
curvature parameter to generate plausible comovements between consumption and labor. In
contrast, we show analytically both the sufficient and necessary conditions for news shock
comovements in a simple RBC model with internal habits. From a different perspective of
the above papers, our work is among the class of studies that attempt to find a model with
the least departure from standard RBC assumptions to generate news-driven business cycles.

Our second contribution is to highlight the qualitative difference between internal and
external habits from the news shock perspective. In the business cycle literature, con-
sumer preferences with internal and external habits have similar qualitative features in
terms of smoothing consumption dynamics in response to unanticipated shocks. We note
the widespread adoption of both types of habit formation in medium-scale DSGE models
to generate hump-shaped responses of consumption to exogenous shocksd Tn particular,
the adoption of both habits is common in the news shock literature. Schmitt-Grohé and
Uribe (2012), Miyamoto and Nguyen (2020) and Gortz et al. (2022a, 2022b) adopt internal
habits, while Leeper et al. (2010) and Faccini and Melosi (2022) employ external habits.
Indeed, Dennis (2009) shows in a new Keynesian business cycle model that the two types of
consumption habits exhibit similar business cycle characteristics. Both types of habits are
also used to capture salient asset pricing features. Abel (1990) introduces a utility functional
form with external habits to explain the equity premium puzzle in standard asset pricing
models. Campbell and Cochrane (1999) introduce external habits into consumption-based
asset pricing models to study the cyclical properties of the risk premium. The applications
of both types of habits are vast, and we choose not to enumerate all related theoretical works

here.E

4Some frameworks employ internal habit formation, e.g., Jermann (1998), Carroll et al. (2000), and

Christiano et al. (2005), while others employ external habits, such as Smets and Wouters (2007), Ferrara et

al. (2021), and Siena (2021).
®Nutahara (2010) conducts numerical experiments to compare internal and external habits in a model

with investment adjustment costs. Different from his work, our paper provides analytical proof to show



Our paper is also linked with the literature on the application of KUJ p1references.E Both
external habits (which is also known as “catching up with the Joneses” utility) and KUJ
preferences are specific forms of consumption externalities, and studies have been conducted
to examine their business cycle and asset pricing properties. Gali (1994) compares external
habits (also called “catching up with the Joneses” utility) and KUJ utility and shows that
the latter is superior in terms of asset pricing behavior such as the risk premium and risk-
free return volatility. Alonso-Carrera et al. (2006) study the welfare implication of habit
formation and consumption externalities. Ulph (2014) shows that the KUJ effect leads
people to work who would otherwise have chosen not to, and an individual’s well-being will
be a strictly decreasing function of her wage rate. Klein and Krause (2020) show that the
keeping up effect of consumption comparison under KUJ preferences is an important driver of
consumer credit dynamics. Their estimated model significantly outperforms a model without
consumption externalities. We find that although KUJ preferences alone cannot generate
news-driven business cycles, they are helpful to improve the quantitative performance by
increasing the marginal rate of transformation between consumption and labor. The notion
of KUJ preferences can play a potentially important role in explaining news-driven business

cycles.

2 RBC Model with Habit Formation

This section analyzes the effect of a TFP news shock on local dynamics to determine under
what conditions the plausible comovements of key aggregate variables can arise. Consider

an economy populated by a continuum of households of measure one. The representative

the differences between two types of habits and highlights the two distinct channels from which news shock
comovements could arise. Introducing investment adjustment costs into the model can mute the crowding-out

effect of consumption on investment, making the effect of habit formation obscure.
6Based on different data sources and econometric techniques, a growing strand of literature finds empirical

support for KUJ preferences. These studies include Bertrand and Morse (2016), Drechsel-Grau and Schmid
(2014), Agarwal et al. (2021), De Giorgi et al. (2020), and Ravina (2019).



household maximizes the following discounted lifetime utility:

Bo Y 8" [u(he) — ymi], (1)

where [ is the expectation operator, § is the time discount factor, ¢ is the weight parameter
of labor disutility, and n, is the labor input. For simplicity, we employ indivisible labor from

Hansen (1985).B Let h; denote the habit-adjusted consumption (¢;),
hiy=c¢ —0c;_1, and 0 < 0 <1,

where 6 is the habit parameter.E The period utility u is concave and twice differentiable,

> 0 and % < 0), and satisfies Inada conditions

ou
oh

strictly increasing in consumption (
(limp, 00 % = 0 and limj,_,q+ % = o0). To distinguish from consumption externalities, we
call the preference that contains ¢;_; internal habit formation. The household’s relative risk
aversion o is associated with the curvature of the utility function and the (inverse) elasticity
of substitution (IES).

The household budget constraint is given by
i+ kepr — (1 — 6)ky = wyng + 1eky, (2)

where k; is capital used for production at time t, w; is the wage rate, r; is the return on

capital from time t — 1 to ¢, and ¢ is the constant capital depreciation rate.

“For a more general form of preferences with constant Frisch labor elasticity, deriving an analytical
solution for the linearized difference system becomes infeasible because we are unable to find the analytical
expressions for the eigenvalues of the transition matrix. Instead, we construct a two-period model and show
that the main result of this paper still holds for this type of preferences. We thank the editor for raising
this point, and the two-period model and its detailed derivations are shown in Appendix C. We also discuss

nonseparable preferences when the utility takes the form as in Jaimovich and Rebelo (2009) in Section 5.2.1.
8We adopt an additive form of habits, which is widely used in the RBC and news shock literature. There

are other forms of habit formation such as multiplicative habits (see Carroll et al., 2000 and Gayle and
Khorunzhina, 2018). However, Dennis (2009) demonstrates that multiplicative habits can be regarded as a
special case of additive habits after the log-linearization of the Euler equation. As we will show later, our

analytical results are derived from the log-linearized dynamic system.



The optimal condition is derived as

ou(hy) Ou(hiyr)|
oo~ gsm, | Zeal) (3
¥ = Ay, (4)
Av = BE¢ [Aer1(rees +1—=96)], (5)

where )\; is the Lagrange multiplier of the household budget constraint (B)
The remaining part of the model is fairly standard. We assume a Cobb-Douglas produc-
tion function

Y = AtF(k't, nt) = Atk‘tl_o‘nf‘,

where g, is output, « is the labor share parameter, and A; denotes the level of total fac-
tor productivity (TFP). Firms hire workers and use physical capital to produce output.
Both output and factor markets are fully competitive, which yield the following first-order
conditions: w; = ay;/ny and 1, = (1 — )y, /ky.

The competitive equilibrium of the benchmark model is defined as follows. Taking
Ay and k; as given, the competitive equilibrium is a sequence of endogenous aggregates
{cs, 4, keyr, ye } and prices {wy, r;} such that: (i) the representative household’s choice maxi-
mizes lifetime utility (El), (ii) firms choose labor and capital inputs to maximize their profits;
and (iii) output, labor, and capital (rental) markets clear.

The TFP level is exogenously determined, and the log-linearized TFP (with a “hat”)

follows an autoregressive process:
ay = pag—1 + & + €,

where p is the persistence parameter, & is the contemporaneous shock to TFP and ¢;_; is
a shock on future TFP level that will materialize [ periods later (we simply call it a “news
shock” hereafter). Both & and ¢, are independently and normally distributed (7.7.d.) with

means of zero and variances of o7 and o?.
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Our results are based on the log-linearization model under the first-order approximation.

The log-linearized optimality condition for households can be rearranged as

) ) ) 1—-68)(1-10);
HﬁEtCt—i-l - (]. + 025) Ct + QCt_l = ( ﬁg_( >/\t7 (6)
S\t +wy =0, A — Etj\t—f—l = gEt'ﬁt—i—lv (7)

where 6 =1 — (1 =) 8. Note that the first term of expected consumption on the left-hand
side of Eq. (6) represents the prospective channel of internal habits, as a higher level of
expected future consumption has a positive effect on the choice of consumption for today.
Analogously, the past consumption term captures the retrospective channel of internal habits.
Denote 7y = 08¢, — ¢,_1, and then E;2;,1 = 08E;¢,.1 — ¢;. After combing this with the other
contemporaneous relations for the baseline model, the log-linearized system of equations can

be written in the following matrix form:

Eiai41
Zt41 = JZt + M e s (8)
a
~ . R ~ /
where 2,11 = (Et/\t+17Et~Tt+lacta kt—l—l) )
11—« 5
1fa+a3 O O 0 o 1fa+az§ 0
(1-05)(1-0) ¢ 0 0 0 0
J = i 1 1 , M= :
0 5 5 0 0 0
a § dcy 1 dcy 1 ) § 1
Tai, 08 nop 170t 0 =

c,=1—(1—-0a)p6/s,andi, =1—-¢c, = (1-a) 83/5. After the change of notation, the
dynamic system can be rearranged such that J is a lower triangular matrix, which helps to

determine the local stability of our model by the following proposition.

Proposition 1 The baseline RBC model with internal habit formation exhibits a saddle-path

equilibrium if and only if 0 < 6 < 1.

Proof: Because J is a lower triangular matrix, we can determine its eigenvalues: (; =

l—«o _
l1—a+ad’

(o=10,(= #, and (4 =1 —(5—1—%. From the above, we can see that (; < 1, (5 < 1,

11



(3 >1and (4 > 1 when 0 < # < 1. Since our model has two endogenous predetermined

variables (¢;_; and k;), the dynamic system exhibits a unique saddle-path equilibrium. [J

Next, we examine the effect of a TFP news shock on the local dynamics of aggregate
variables. Assuming the economy is in the steady state at time period 0, we analyze the
scenario where a positive TFP news shock hits the economy in period 1. Without loss
of generality, we focus on the case where the news shock materializes in period 3 (I =
2). We follow Blanchard and Kahn (1980) to solve the linearized difference equations (H)
that characterizes the model economy and obtain the following solutions for key aggregate

variables in period 1:

i =n" (7o), (9)

i1 = any, (10)
h=n' (7' —0), (11)
& =n"(c—a%), (12)
M= - 0). (13)

In the above expressions, * > 0 can be interpreted as the upper bound of ¢ for the TFP
news shock to induce an increase in current labor, @/ > 0 is the upper bound to cause an
increase in current investment, and ¢ > 0 is the lower bound that leads to an increase in
consumption. These upper bounds and lower bounds for ¢ as well as n* > 0, n/ > 0, and
n® > 0 are all positive and can be expressed as structural parameters.E

The above solution indicates that incorporating internal habits into the plain-vanilla
RBC model makes it possible to exhibit news-driven business cycles. We discuss the role of
internal habits in generating this result in comparison with the scenario when internal habit
formation is absent (i.e., # = 0, where the model becomes a plain-vanilla RBC model).

When 6 = 0, the household’s first-order condition with respect to consumption is simpli-

fied to A\ = ¢; 7. This implies that the current consumption choice ¢; and the shadow value

9See the detailed notations in Appendix A.2.
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of income \; move in opposite directions, so \; decreases when ¢; increases. According to the
labor supply function (@), a decrease in \; shifts the labor supply curve upward. Because
the physical capital stock is predetermined and the news shock does not affect the current
level of TFP, both A, and k; are fixed and the labor demand curve remains unchanged.
In equilibrium, hours worked in fact decreases. As a result, the model without internal
habit formation (and of course, without other departures from standard assumptions) fails
to exhibit positive comovements between consumption and hours worked. This result is well
documented in the news-driven business cycle literature, e.g., Beaudry and Portier (2007)
and Jaimovich and Rebelo (2009).

However, when internal habit formation is present, the prospective channel plays an
important role. Specifically, current consumption and hours worked can simultaneously
increase in the face of a positive TFP news shock. This is because the shadow value of
income ); and consumption ¢; can simultaneously increase when o € (¢“,5") (see in Egs.
(12) and (13)). The intuition is that with internal habits, households have greater incentives
to smooth their consumption (Lettau and Uhlig, 2000). With this consumption-smoothing
motive, a positive news shock causes future consumption to increase even further than in
the present. According to Eq. (E), the fact that the households intend to further increase
their future consumption has a positive effect on the shadow price of income for today.

Moreover, we can see from the above solutions that whether news about future TFP can
exhibit comovements among consumption, hours worked, investment, and output crucially
hinges on the choice of the curvature parameter for utility, . The following proposition
summarizes the condition under which the news-shock comovements arise in the internal

habit model.

Proposition 2 In the canonical RBC model with internal habit formation, there exist cur-
vature parameters for utility o such that output, investment, consumption, and hours worked
exhibit positive comovements in response to a positive TFP news shock. The plausible co-

movements arise if and only if the curvature parameter satisfies

o c (QC,EI).
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Figure 1: The curvature parameter o for news-shock comovements. Positive comovements in
output, investment, consumption, and hours worked occur when o falls within the shaded area,

ie, o€ (QC,EI).

Proof: See the Appendix A.2.

The above proposition guarantees that one can find the appropriate curvature parameter
o€ (gc, o! ) so that the current responses of ¢;, i;, and n; are all positive. Next we elaborate
the economic intuitions how these lowerbound and upperbounds of ¢’s arise.

When a favorable TFP news shock hits the economy, it increases the household’s perma-
nent income. Whether an increase in the household’s permanent income induces an increase
in current consumption (¢1), however, depends on the curvature parameter for utility (o).
The above proposition implies that the IES cannot be too high (or equivalently, the value of
o cannot be too low); otherwise, it would induce households to postpone their consumption
until the good news materializes (¢; < 0 in that case). As a result, there is a lower bound for

¢ so that good news about future TFP can generate a positive

the curvature parameter, ¢
consumption response.

On the other hand, we derive two upper bounds of ¢ for the news-driven business cycles.
A too high level of o (or equivalently, a too low level of IES) may induces a larger increase
in current consumption ¢ and a smaller increase in future consumption E;¢;y1. According

to Eq. (6), the shadow value of income A1 could be negative and in turn cause a decrease in

hours worked. As a result, the curvature parameter o not exceeding * guarantees a positive

14



response of 7y in response to a favorable TFP news shock (see in Eq. (B))@

Secondly, we find another upper bound &’ to guarantee a current increase in investment.
This is because a too high value of o (or equivalently, a too low level of IES) leads to a stronger
consumption-smoothing motive and results in a larger response of current consumption.

I shows the minimal degree of IES

It may crowd out investment. The upper bound of @
that guarantees a relatively small crowding-out effect of consumption on investment, and it
ensures that a positive TFP news shock does not decrease current investment. Our proof
suggests that the condition on ¢ for a positive response of investment is more binding than
that for an increase in the shadow price of income, &/ < . The conditions for ¢ that
exhibits the news shock comovements are depicted in Figure EI Positive comovements in
output, investment, consumption, and hours worked occur when o falls within the shaded
area.

The above proposition shows that in a canonical RBC model with internal habit for-
mation, a news shock on TFP can cause plausible comovements among consumption, in-
vestment, output, and hours worked. To the best of our knowledge, this is by far the
smallest departure from canonical RBC framework that generates news-driven business cy-
cles. However, the curvature parameter for utility needs to be chosen carefully such that

the consumption-smoothing effect on TFP news shock is neither too high nor too low. Our

paper is the first attempt to formulate a rigorous proof for such a result.

10 According to Eq. (7), A1 > 0 induces a decrease in the current real wage. We find several empirical
studies to support this result. Chahrour et al. (2023) used structural VAR estimation and found that TFP
news shocks lead to a decline in the real wage. They also construct a labor search model in which wages are
determined by a cash-flow sharing rule to replicate the observed responses of real wages. Miranda-Agrippino
et al. (2022), using monthly patent applications to construct an instrumental variable and the SVAR-IV
approach, found that TFP news shocks cause an initial decrease in the real wage. Yang and Zhang (2024)

used a structural VAR approach with a novel integration of the proxy variables and obtained similar results.
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3 Why Consumption Externalities Alone Cannot Gen-
erate Comovements

Since there are two types of habit formation commonly used in the business cycle literature,
we explore whether external habits help to generate plausible news-driven business cycles.
Our result shows that external habits cannot generate plausible comovements among key
aggregate variables in response to a TFP news shock, and this result persists when we
consider a generalized notion of consumption externalities such as KUJ preferences. The

period utility of households with external habit formation is given by
U(ht,Xt,nt) = U(ht,Xt) —ZZJ’I’Lt. (14)

where X, is a generic form of consumption externality that is strictly positive and that house-
holds take as given. Let us denote the elasticity associated with consumption externalities
by ex = %Xt g—:ﬁ. The preference exhibits positive consumption externality if ex > 0.
To facilitate further discussion, we instead use the notation y = =X to represent the effect
of the consumption externality.@

For comparison, we study the effect of consumption externalities on news shock dynamics
when internal habits are absent (6 = 0). We consider two types of consumption externalities
commonly used in the business cycle and asset pricing literature. The first considers prefer-
ences with external habit formation from Abel (1990), that is, the consumption externality
is the lagged average consumption level X; = C;_;. This form of consumption external-
ity is also known as the “catching up with the Joneses effect”. The second case in which
X; = C} denotes the current aggregate consumption level from Gali (1994) and is also known
as the KUJ effect. Our task is to determine whether the TFP news shock generates plausi-

ble comovements among key aggregate variables. The result is summarized in the following

proposition.

. . . Rl xX°
HGali (1994) and Alonso-Carrera et al. (2006) employ a more specific form of utility, U = et =y,
which is among the class of our specification. The relative risk aversion and the consumption externality

parameters o and y resemble the definition of elasticities that we introduce.

16



Proposition 3 News-driven business cycles cannot arise in the canonical RBC model with
the household preferences of ) and with two types of consumption externalities: 1) X; =
Cy_1 (external habits) and 2) X, = C; (KUJ).

Proof: See the Appendix A.3.

The above proposition highlights the qualitative difference between internal and external
habit formation (and consumption externalities) in generating news-driven business cycles.
Both internal and external habits are widely used to generate hump-shaped responses of
consumption to shocks in medium-scale DSGE models. In the conventional business cycle
literature, both are helpful to explain the salient aspects of asset prices, the risk premium,
and qualitatively similar consumption persistence. Because of this, they are regarded as
interchangeable elements in many cases.2

However, our analysis shows that unlike internal habit formation, consumption exter-
nalities alone cannot generate news-driven shock comovements. From the perspective of
news-driven business cycles, these two elements of consumption persistence have different
implications. The key difference is that with internal habit formation, households would take
the potential change in future consumption into consideration (i.e., the prospective channel).
The fact that households expect a higher level of future consumption is crucial to obtain
comovements between current consumption and the shadow value of income. This in turn
causes a rightward shift of the labor supply curve and therefore an increase in labor supply.
However, the prospective channel is mute in the case of external habits because when a news
shock hits the economy, households take the lagged aggregate consumption level C;_; as
given, so it cannot help to generate a positive comovement between consumption and labor.

Note that the above result can also be applied to another form of external habits in which

12Christiano et al. (2005) use a utility function with internal habit formation, while Smets and Wouters
(2007) employ a preference with external habit formation. Some studies employ external habits to replace
internal habit formation in the utility function to simplify the optimization problem, e.g., Leeper et al.

(2010), Ferrara et al. (2021), and Siena (2021).
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hy = ¢, — 0Cy_1 (e.g., Smets and Wouters, 2007).

Additionally, the preference with the KUJ effect cannot generate comovement either.
The reason is as follows. In the case of KUJ preferences, an increase in C raises the MRS
between labor and habit-adjusted consumption. It has a positive effect on the shadow value
of wealth \;. It shifts the labor supply curve rightward, so households have greater incentives
to increase their labor supply. On the one hand, to generate positive comovements between
consumption and hours worked, the KUJ effect on ); should be large enough because it is
necessary for the news shock to generate an increase in A\; (without KUJ, there is a negative
relation between ¢; and A, as explained in Section 2). On the other hand, a larger KUJ effect
induces a higher positive response of current consumption and causes a larger crowding-out
effect on investment. The proof of Proposition 3 suggests that as long as the KUJ effect
causes positive comovements between consumption and labor, the crowding-out effect of
consumption on investment is so large that it decreases the current level of investment. Both
conditions cannot be satisfied simultaneously to generate comovements among consumption,

labor, and investment.

4 Alternative Shocks

This section considers the effect of other types of news shocks commonly studied in business
cycle models, specifically news to investment-specific technology (IST) shocks, government
spending shocks, and preference shocks (Jaimovich and Rebelo, 2009; Schmitt-Grohé and
Uribe, 2012; Guo et al., 2015). We analyze whether news driven business cycles arise under
these shocks in our baseline internal habit model. We demonstrate that plausible comove-
ments can arise under an IST news shock with additional conditions satisfied. However, for
government spending news shocks and preference news shocks, favorable news fail to cause a
simultaneous increase in current consumption, hours worked, and investment, as households

tend to reduce their current consumption.
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When more shocks are incorporated, the household utility is given by

Ko Z 5t [Qtu (ht) - @bnt] ) (15)

where g, is a multiplicative preference shock that affects household’s marginal utility of

consumption. The budget constraint is

kiz1 — (1 =0k
c+ = ,(/ L = wyny + 1k — gy (16)
t

Here, v; denotes the IST shock, and g; represents government consumption goods financed
by lump-sum taxes.
Analogous to TFP shocks, the alternative shocks mentioned above (in logs) are specified

as stationary first-order autoregressive processes:

S = Pt + ot + i, for e ={0,v, g}

Here, p,. is the persistence parameter, &,.; is a contemporaneous shock and €, ;—; is a news
shock that will materialize | periods later. Both &, ; and €, ;_; are i.7.d. with means of zero

and variances of 02 and o2 .
5% €3¢

4.1 IST News Shocks

We use the same method as in Section 2 to solve for the current variables under an IST
news shock. The following proposition summarizes the conditions under which the IST news

shock comovements arise in the baseline internal habit model.

Proposition 4 In the canonical RBC model with internal habit formation, there exist cur-
vature parameters for utility o such that output, investment, consumption, and hours worked
exhibit positive comovements in response to a positive IST news shock. The plausible co-

movements arise if and only if

o€ (gf,&,{) and 646 > 1.
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Proof: See the Appendix A .4.

Similar to TFP news shocks, IST news can also generate plausible comovements among
consumption, investment, output, and hours worked when the value of parameter o is care-
fully chosen. This is because favorable shocks of both types are positive supply shocks that
increase households’ future permanent income. However, for IST news shocks, an additional
condition # > 1 — § needs to be satisfied to ensure that the shadow value of income at time
t (\;) increases. Intuitively, IST news shocks require a certain degree of habit formation
(0) to generate plausible comovements. The key difference is that TFP shocks can raise
both wages and returns on capital, while IST shocks affect the efficiency of investment and
hence only the return on capital. A favorable IST shock cannot directly increase the wage
rate and, consequently, the firm’s labor demand. As discussed in Section 3, an increase in
hours worked, primarily induced by an increase in the shadow value of income, is crucial
for generating news-driven business cycles. Without this effect on labor demand, the IST
news shock requires a larger prospective channel (i.e., a larger value of ) to increase current
labor. Our results align with those studying the effect of IST news shocks in RBC models,
such as Jaimovich and Rebelo (2009) and Guo et al. (2015).

4.2 Government Spending Shocks and Preference Shocks

Next, we solve for the current variables under a government spending news shock as well as
a change in future preferences. The solutions show that an increase in future government
spending leads to increases in current investment, output, and hours worked but a decrease
in current consumption. The same responses occur when the economy is hit by positive news
about households’ consumption preferences.

Intuitively, a government spending news shock generates a negative wealth effect, prompt-
ing households to reduce current consumption. As consumption decreases, the marginal util-
ity of consumption rises, leading to an increase in hours worked and, consequently, higher
output. Given the decrease in current consumption and the increase in current output,

current investment also rises according to the market-clearing condition for consumption
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goods. Regarding a positive preference news shock, it increases future marginal utility of
consumption, causing households to reduce their current consumption. The effects of these
two demand shocks are consistent with the standard RBC model without habit formation

(0 = 0). The following proposition summarizes the effects of both types of news shocks.

Proposition 5 In the canonical RBC model with internal habit formation, the plausible
comovements cannot arise under a government spending news shock or a consumption pref-

erence news shock.

4.3 Unanticipated TFP shocks

The preceding sections analyzed the effects of various types of news shocks. We now briefly
discuss the impact of unanticipated TFP shocks. Following Dennis (2009), we incorporate
both internal and external habits into our baseline RBC model and compare the (co)variances
of output, consumption, and hours worked in response to unanticipated TFP shocks. The
parameter values used are standard in the RBC literature and will be described in Section
5.218 The results on business cycle characteristics are presented in Appendix C.
Consistent with Dennis (2009), our findings show that the business cycle characteristics
are broadly similar under both internal and external habit specifications. To further demon-
strate this, we also present the impulse responses of key macroeconomic aggregates to a
positive unanticipated TFP shock for both specifications (see Appendix C). The quantita-

tive differences between the two are minimal.

13The parameter values are identical to those in the baseline model, except for the habit formation pa-
rameters () and the IES parameter (o). The habit parameter § = 0.92 reflects the mean value estimated in
the SGU model for both internal and external habits. The IES parameter (o) is set to 1, consistent with the
majority of studies on unanticipated shocks. The TFP persistence parameter is set to 0.85, aligning with

our estimates and values commonly used in the literature.
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5 Numerical Results

5.1 Internal Habits v.s. External Habits: A Quantitative Example

The above sections have demonstrated the distinction between two types of habits regarding
news-driven business cycles. However, existing studies in the news shock literature suggest
that incorporating additional elements, such as investment adjustment costs, variable capital
utilization, and Jaimovich-Rebelo (JR) preferences, into a plain-vanilla RBC model can
facilitate the emergence of news-driven business cycles, and internal habit formation is one
such element. One potential concern is whether the qualitative difference between internal
and external habits in news-driven business cycles has a quantitative impact in a medium-
scale DSGE model where these additional elements are already incorporated. In this section,
we conduct a quantitative exercise and demonstrate that the difference between internal and
external habits is indeed significant.

Specifically, we employ both internal and external habits in a medium-scale DSGE model
from Schmitt-Grohé and Uribe (2012). We perform Bayesian estimation for both cases,
while leaving the other parts of the model unchanged. We choose their model for two main
reasons: first, the model is developed for analyzing the quantitative impact of news shocks on
business cycles and aligns well with empirical second moments.H Second, the model includes
elements such as JR preferences, investment adjustment costs, and capital utilization, all of
which facilitate comovement among key macroeconomic aggregates. The utility function

takes the following form:

(ht — wnfst)l_" -1
1—0

— BV
, o St =his

U:

where h; = ¢, — ¢, under internal habits and h; = ¢, — 0C;_; under external habits. The
calibrated parameter values we use are from Schmitt-Grohé and Uribe (2012). For both

cases, we use the same standard prior distributions commonly used in the DSGE literature.

“Miyamoto and Nguyen (2020) employs this framework to analyze the expectational effects of news in
business cycles using forecast data. Born et al. (2013) and Gortz et al. (2022a) extend the model of
Schmitt-Grohé and Uribe (2012) to investigate the fiscal foresight and inventories dynamic respectively.
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(b) News shock hits the economy 8 quarters before it materializes

Figure 2: Impulse responses of key variables to a positive one-standard deviation news shock on
future TFP. Variables are detrended and expressed as percentage deviation from their steady states.
In a internal habit model, both consumption and hours worked increase following positive news.

In contrast, with external habits, consumption initially decreases.
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We provide a detailed description of the estimation model and process in Appendix A.4.
The prior distributions and posterior estimation results are reported in Table 1. For both
cases, the estimated habit parameters are very close to each other, with a mean of 0.921
for internal habits and 0.922 for external habits. Moreover, the posterior distribution for
the persistence and standard deviation of TFP news shocks is similar in both cases. Figure
2 shows the impulse responses to a positive TFP news shock in both scenarios. In Panel
(a) and (b), agents receive the news 4 and 8 quarters before it materializes, respectively,
as in Schmitt-Grohé and Uribe (2012). And we use the posterior modes as parameter val-
ues when plotting the impulse responses. After the news shock materializes, the responses
are quite similar in both cases. The key difference occurs before the news shock is real-
ized. Specifically, with internal habits, both consumption and hours worked increase after
households receive the positive news, whereas under external habits, consumption decreases
initially. Furthermore, the estimated model with internal habits has a higher value of the
log marginal density (—1673) than that with external habits (—1713), indicating stronger
support for the internal habit model.

We also analyze the differences between internal and external habits in generating news-
driven business cycles from other perspectives. In the quantitative framework proposed by
Schmitt-Grohé and Uribe (2012), incorporating elements such as JR utility, investment ad-
justment costs, and variable capital utilization to the plain-vanilla RBC model can generate
news-driven business cycles with relative ease. As a result, the estimated model with ex-
ternal habits may also generate comovements. However, depending on whether internal or
external habit is considered, the range of parameter values for news shock comovements may
differ.

We use the mode estimates in Table 1 and vary the JR income effect parameter () and
the investment adjustment cost parameter (k) to examine whether news shock comovements
still arise or not. The ranges of parameters for plausible news shock comovements are shown
in Figure 3. The pairs of parameters for the internal habit model that generate comovements

are in the region with white circles, and the region of black dots represents the external habit
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Figure 3: Comovement region in the internal and external habit model with JR preferences and
investment adjustment costs. The pairs of parameters for news shock comovements are wider in

the internal habit model.

models. The results show that the pairs of parameters for news shock comovements are wider
in the internal habit model. Therefore, it is relatively easier for the internal habit model to

generate news-driven business cycles than the external habit model.

5.2 Calibration: Baseline Model

This section shows the numerical results of the benchmark RBC model with internal habits
only. Specifically, we choose o = 0.64, § = 0.985, 6 = 0.0125, and ¢ = 0.85, as in
Jaimovich and Rebelo (2009). Our numerical analysis reveals that TFP news shocks can
induce news-driven business cycles for certain values of curvature parameter o within the
range of (0.24,0.34). However, the values of o that generate comovements are generally
lower than those typically used in the business cycle literature. This finding is consistent

with the results obtained by Wang (2012). The limited quantitative performance of our
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Figure 4: Comovement region in the internal habit model. The model can generate plausible

comovements in the dark grey region.

model primarily stems from the absence of additional elements. However, there are various
approaches available to address this quantitative limitation. In the subsequent subsections,
we initially explore the inclusion of additional elements that have been utilized in the lit-
erature on news-driven business cycles, such as JR preferences and investment adjustment

costs. Subsequently, we introduce a novel approach to rectify this issue.

5.2.1 The JR Preference and Investment Adjustment Costs

We begin by examining how the inclusion of JR preferences affects the range of the risk aver-
sion parameter o for the news-driven business cycle. The period utility of the representative

household a la Jaimovich and Rebelo (2009) takes the following form:

_ X 1-0o
v = f’ftat) ,and X, = b} X7, (17)

The left panel of Figure 4 illustrates how the income effect parameter v affects the range of

o for comovements. The points located in the grey region represent the parameter pairs of
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(v, 0) that can generate news shock comovements. We can see that when ~ is very close to
zero, the range of o for comovements becomes wider. In this case, the model would achieve
a labor supply schedule with a near-zero wealth effect, which is similar to the preference in
Greenwood et al. (1988). It helps to generate an increase in hours worked in response to
positive news.

Alternatively, another approach is to incorporate investment adjustment costs into the

model. In this case, the household budget constraint is given by

Cy + 1 = weny + ’r'tk't, and k’t+1 = (1 — 5)kt + [1 — @ (Z—t)‘| s (18)

t—1

where ¢(-) represents the adjustment cost function that satisfies (1) = 0,¢'(1) = 0, and
¢"(1) = k > 0. The right panel of Figure 4 illustrates the effect of the investment adjustment
cost parameter (k) on the range of o for comovements, while maintaining all other settings
of the baseline model unchanged. We can see that increasing x allows us to maintain news
shock comovements while selecting a commonly-used value for o. This is due to the fact
that, with investment adjustment costs, agents choose to gradually increase investment to

mitigate the costs associated with adjustments. As a result, the model exhibits simultaneous

increases in consumption and investment in response to a positive news shock.

5.2.2 The KUJ Preferences

In this section, we introduce a novel approach to expand the range of ¢ for news shock
comovements. We present analytical proofs illustrating how the incorporation of KUJ-type
preferences can enhance the value of ¢ for comovements.d The period utility of households

with KUJ preferences is given by

U (hy, Cyyny) = ulhy, Cy) — my, (19)

15When consumption externalities are in the form of external habits, the conditions under which the
comovements arise do not change because the past consumption channel cannot affect the contemporaneous
response of variables to a news shock. Thus, we do not consider the combination of internal and external

habits here.
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where C; denotes the aggregate level of consumption at time t. The following proposition
shows the necessary and sufficient conditions for news-driven business cycles when the KUJ

preferences are incorporated.

Proposition 6 In the model with internal habit formation and KUJ preferences, the main
aggregate variables exhibit comovements in response to a TFP news shock if and only if

X € (—00,1) and the curvature parameter satisfies

= (Qx’ax) )

and the lower and upper bounds of (a,,7y) that guarantee news-driven business cycles are

given by

o = (113 + tta — p) papis (1—08)(1—10) -
O e (= o)t s (s = p) s [ — (L= OX] (s — pi2) ~

and o, (> a,) is the greater root of the following quadratic equation
[(0) = 0® + sho + s, =0,
and py, po, f3, fa, Sy, and S| are short-hand notations for structural parameters.

Proof: The proof of Proposition 4 is similar to that of Proposition 2. The condition for the
range of the KUJ parameter x is to guarantee a unique saddle-path equilibrium. See the
Appendix A.5 for details. [

The above proposition is a generalized version of Proposition 2 with KUJ preferences. The
intuition is similar to those we find in Proposition 2. To generate positive responses of
current consumption, investment, output, and hours worked, the curvature parameter o
should satisfy the following condition: ¢, < o < @,. Internal habit formation introduces
the prospective channel, and it enhances the household’s consumption-smoothing motive,
taking as given the curvature parameter o. In the face of a positive TFP news shock, the
total consumption-smoothing effect (from a lower level of o and the internal habit formation)

should be large enough for the TFP news shock to cause an initial increase in consumption.

28



However, the consumption-smoothing effect cannot be too large because an excessively strong
consumption-smoothing motive induces a larger initial increase in consumption and may
crowd-out investment. The upper bound of &, guarantees that the crowding-out effect on
investment is not so large as to prevent current investment from decreasing.

The key finding is that the KUJ parameter x can affect both the lower and upper bound
(a,,0y)- By analyzing the effect of consumption externalities on the range of the curvature

parameter for comovements, we find the following proposition.

Proposition 7 In a canonical RBC model with internal habit formation and KUJ prefer-
ences, the upper and lower bounds of o for news-driven business cycles are both increasing

in the degree of the KUJ effect, x.

Proof: We prove the above comparative statics by calculating the partial derivative of the

lower and upper bound of ¢ with respect to x by using the expressions

_ or
97, _ o
oy L
9oy
Additionally, we find that aai; > (). This result implies that a larger KUJ effect makes it

possible to obtain news-driven business cycles with a smaller IES (measured by the inverse
of o). To further explain why this result arises, we find the following proposition that a
larger KUJ effect can increase both the lower and upper bound of (gx, 7, ) because a larger

value of y increases the response of the shadow value of income A\, taking as given the size

of the TFP news shock.

Proposition 8 In the model with internal habit formation and KUJ preferences, when the
news-driven business cycle arises, a larger KUJ effect, (i.e., a higher level of x) increases

the positive response of A\i.

A

o J), where the

Proof: The solution of A; in terms of a TFP news shock is 5\1 = 7];2 (J

expression for ni‘ and cr;‘ are given by

= 1 dey[l — (1 = 0)x]v2 (s — )
oo dy(pa—p) (e — ) (1= 08)(1 — 0)pug
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Figure 5: Values of o for comovements with KUJ preferences. The model can generate plausible

comovements in the dark grey region.

(u4+u3—p)(/~b4—u1)+u (1—08)(1—0)9: T
ps — p (s — ) Yo gl — (1—0)y]

From the above, ¢y, ¥, ¥, ¢, and i, can be expressed by structural parameters.

A
Tx

—5 >0,

Additionally, gy, ps, and py4 are unaffected by y. Therefore, it is easy to verify that

8_5\1 A 80;2

A
o = Moy T (o3 — 0)88%2< > (. Thus, the coefficient for the solution of \; becomes larger

when y increases. The intuition is that taking as given the increase in the aggregate con-
sumption level, a larger KUJ effect further increases the MRS between consumption and
labor. A larger increase in A; encourages the household to supply more labor, so output
increases by more. The relaxation of output resources means that the model can endure a

larger crowding-out effect of consumption on investment, so the required IES can be lower

30



(or equivalently, a higher level of o).

To provide a better illustration of the effect of y on the range (gx,ﬁx), we present a
numerical example in Figure 5. In this example, we utilize the same parameter values for «,
[, 9, and 0 as in the baseline model. We can see that when y = 0, there exist certain values
of o that lead to the emergence of news-driven business cycles in response to TFP news
shocks. However, the values of ¢ for comovements are lower than those commonly chosen
in the business cycle literature. As x increases, however, both the lower and upper bounds

of o for news-driven business cycles increase. When the value of y is increased to 0.87, the

model can generate plausible news shock comovements when o = 1.

6 Concluding Remarks

This paper analytically demonstrates that in a standard RBC framework, internal habits
alone can generate positive comovements among consumption, hours worked, investment,
and output in response to news about future fundamentals. We highlight the prospective
channel of internal habits, through which the effect of news shocks about future is transmit-
ted to the present and impacts current consumption, labor, and investment. This channel
distinguishes internal habits from external habits and other forms of consumption externali-
ties. Without the prospective channel, the latter two modifications to consumer preferences
cannot generate plausible comovements among key macroeconomic aggregates. Therefore,
we advise one to employ internal habits in consumer preferences when designing quantitative
dynamic models for the purpose of news-driven business cycles.

We conduct numerical experiments in the Schmitt-Grohé and Uribe (2012) model by
substituting internal habits with external habits. The findings from our estimated model
show that, unlike internal habits, external habits fail to generate the news-driven business
cycle. So the quantitative difference between internal and external habits is substantial.
In numerous theoretical works on business cycles, internal habits have become an integral

component of DSGE models and are often combined with other elements. One caveat is that
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when studying the effect of news shocks, the prospective channel of internal habits remains
latent in their model environments. If this prospective effect of internal habits were unrec-
ognized, one might overstate the importance of other elements for generating news-driven
business cycles. This is especially the case when the curvature parameter chosen is small,
as internal habits alone can help to generate plausible comovements among macroeconomic
aggregates.

Despite this, our numerical exercise shows that without additional elements, the range of
the curvature parameter for consumer preferences is below those commonly used in the DSGE
literature. We demonstrate that the problem can be resolved by introducing the KUJ effect
into the utility function. We discuss other means of extensions that help to increase the range
of the parameter for the comovements. The first way is to introduce investment adjustment
costs, a commonly used modification we can impose on the supply side.@ With investment
adjustment costs, households on impact gradually increase investment to the realization of a
positive news shock to reduce the adjustment cost. The crowding-out effect of consumption
on investment is largely dwarfed, so the upper bound constraint of the curvature parameter
can be relaxed. However, investment adjustment costs generate a negative response of asset
prices to a positive news shock, which contradicts the empirical evidence. The second way
is to employ the nonseparable utility function proposed in Jaimovich and Rebelo (2009).
The nonseparability between consumption and labor in the preference structure generates a
small wealth effect on labor supply, so that a positive news shock causes a larger positive
response of labor. However, unlike internal habits, merely introducing nonseparable utility
alone cannot generate news-driven business cycles.E Arguably, our paper provides nearly

the least departure from RBC setting needed to obtain plausible news shock comovements.

16See, e.g., Christiano et al. (2008). Nutahara (2010) considers news-driven business cycles in an RBC
model with both internal habits and investment adjustment costs. The numerical experiments show that
with investment adjustment costs, news shock comovements can be obtained when the curvature parameter

is 2, well above the commonly used values of curvature parameters.
1"Tn the Appendix, we provide analysis on nonseparable utility functions. The proof is shown in Appendix

B.
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A Appendix

A.1 Proof of Proposition 1

The log-linearized system of equations can be summarized as follows:

g

OB i1 — (1 + QQB) Ce+0¢_1 =

A — ]Etj\t—&—l = 0BTy 1,
kt+1 - (1 - 5) kt + 5@,
and the contemporaneous relations are
j\t—f-UA)t:O, gjt:dt—i-(l—oc)l;:t—i—ozﬂt,
Wy = Y — Ny, Ty = Yo — ky, and G, = ¢, ¢ + iyly,
Denote z; = 08¢, — ¢,_1. After simplification, the system of equations can be rearranged

into matrix form as in Eq. (E) Under such arrangement, we can find the eigenvalues of the

difference equation system and determine its local stability.

A.2 Proof of Proposition 2

This section shows the proof of Proposition 2. By Eq. (g), we can see that both output
(91) and hours worked (7;) have positive responses when o < @*. This condition, in turn,
requires that the shadow value of income (A; > 0) is positive (see in Eq. (@)) Additionally,
to ensure an increase in consumption (é;), we need o > ¢ according to Eq. (@) For the
TFP news shock to induce an increase in investment (7; > 0), it is necessary for o < /. We
verify that &/ < @, i.e., the upper bound that induces positive investment is more binding.
Lastly, we show that 0¥ < &' to guarantee the existence of a curvature parameter o that
generates the news-driven business cycle.

We first solve the linearized system (H) under a favorable TFP news shock and derive

the solutions for consumption, labor, investment, and output. Following Blanchard and
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Kahn (1980), we solve the simultaneous difference equation system, assuming that the TFP
news shock hits the economy in period 1. The following expressions for the main aggregate

variables in period 1 are obtained:

A= (@—0), (A.2)
& =n"(c—-0a), (A.3)

. I _
ny T oz)\l =" (a’\ — U) , (A.4)
i = —nd(c* 4 510 + s0), (A.5)

where %, 0%, n*, n™, n©, and 5! are positive parameters and take the following form:

— +G—p) (G —G) Woko
[« X o
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;L 1 1 CGey,(1—08)(1—0)
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In the above expressions, (;- (4 are eigenvalues for the difference equation system (B), and

the other auxiliary variables we introduce are given by

J

Wy = ————=,
l—a+ad

1 )i, G
=(1-09) (1-0) 572 >0
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For the solution of current investment (@), the coeflicients sy and s; take the following

form:

we ooy ot o

1_O‘<c_<C3_Cl)(<4+<3_P>+C2(C4—p)w0/<;0 1
o 3ty <3—P Cl Ca—cl.

To determine the range of ¢ that results in an increase in investment (i; > 0), we need to

< 0,

si= [(1-68)(1—6)

examine the value of two roots for the following quadratic equation.
Qo) = 0 + 510 + 5.

Let denote & the larger root and of the smaller root, the solution for current investment

can be rewritten as
i = —nd(0% 4+ 510+ 50) = (7 —0)(c! — o) = —niQ0). (A.6)

Due to the complex expressions, it is more convenient to find the ranges of @ and ¢! without
examining the expressions of these two roots.
First, we can verify that Q(0) = sy < 0, so the smaller root is negative (¢! < 0), so we

can rearrange the expression of 7 as

1

= 77[(5 — o), where n! = —77(11(QI

—o0) > 0. (A7)

To compare which upper bound (7* or ') is more binding, it is more straightforward if we

define an intermediate variable o that is smaller than &

(G—=C)(Ca+G—p)+G(C—p)  woko
G—p C1(¢s —C1)

It is easy to verify that o} < @ and (08)? + s;0{ + so > 0. As a result, the larger root, 77,

> 0.

I
)

lies between 0 and o, and we have of < 0 < 6! < of < . Therefore, we have Q (o) < 0
for o € (0,57). by Eqgs. (@) and (@), we can conclude that the current response of
investment is positive when o € (0,51 ), where &/ is the upper bound for the curvature

parameter o to that induces 7 > 0.
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We derive general formulae for a class of RBC models when proving Proposition 2, and
the RBC model with both internal habit formation and the KUJ effect is one case in this
class. The model with internal habit formation is a special case when y = 0, so the general

formulae we derived above can be still used.

A.3 Proof of Proposition 3

This section shows the detailed proof of Proposition 3. We demonstrate the proof in two
parts. First, we show that the preference that exhibits external habit formation (or “catching
up with the Joneses effect”) cannot generate news-driven business cycles. Second, we prove
that news-driven business cycles cannot arise when X; = C}, i.e., the KUJ effect in Gali

(1994).

A.3.1 External habits

This section shows the main steps of proving that news-driven business cycles cannot arise
when X; = Cy_;. We can use similar steps to show that news-driven business cycles cannot
arise when external habit formation (h; = ¢; — 0C;_4) is present.

In the case of X; = C,_1, if we combine the first-order conditions with respect to ¢; and
ng, we have the following expression:

_8U<Ct> Ci—1, nt)/ant _ aU(Ctv Ct—lant)
OF | on, dey '

Due to the separability and concavity of the utility function, we know that —9U (¢;, Cy_1, ny)/0Ony
is a function n; and is increasing in n;. The denominator on the left-hand side is the marginal
product of labor, and due to the diminishing marginal product of labor, 0F'/dn, is decreasing
in n;. As a result, the left-hand side of the expression is increasing in n;. Additionally, in
the above equation, C;_; and k; are predetermined variables, and A; remains unchanged in
the current period; we can verify that g—fft < 0. This implies that consumption and hours

worked cannot increase simultaneously in response to a positive TFP news shock. [

36



A.3.2 Keeping up with the Joneses effect

_ ct0?u/0(ct)?
8u/8ct

ct82u/8ct80t

. These notations are in-
8u/6ct

ct=Cy=¢
troduced for the purpose of log-linearization. Due to the empirical evidence in the literature,

>0 and ex =

ct=Cr=c

Define e =

we focus on the case when the preference exhibits the KUJ effect, i.e., ex > 0.

The (log-linearized) optimality conditions for the household are given by

A = (ex — ecc) &, (A.8)
. 1 . ex—¢€cc. -
ng = 1 — a&t —+ X1 — SCCt + kt' (Ag)

Suppose that a news shock hits the economy at time 1 and that it will materialize after [
periods. For the TFP news shock, the technological level and physical capital in the present
(a; and k) are unchanged. According to Eq. (@), the comovement between ¢; and 7,
requires that ex — ecc > 0.

After rearrangement, we derive the log-linearized dynamic system in the following matrix

form:
Eidpr ) (a0 At N 0 Yo ay
];715—&—1 Jo1 Mg l%t Yor O Et&t—i—l
where
1-— 1)
my = Ll me=1-0+2>1,
l—a+ad by
T ( — - ) u
11—« €Ex —€cc/) Wy
5 )
Ho=—————, Vg = —.
2 1—a+ ad 2t (1—a)i,

From the above, we can solve for the shadow price of wealth \; in period 1 in terms of the
TFP news shock:

ex —€cct+1l—a+ad (1—a)(1-p5+ apd) 1

A\ = — .
1 alex —eco) — (1 —a)cy (1—a—|—a5>2 (mg — p) may

We can find the following necessary condition for generating a positive response of M

l—«

ccc < €ex < €co + Cy-
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Thus, we find the following condition for comovements in consumption and labor.

Lemma 1 With the contemporaneous social average consumption in the utility function, a
news-driven TFP shock induces comovements in consumption, hours worked and output, but

not investment, if and only if the preference exhibits the KUJ effect (ex > 0) and

l—«

ccc < €ex < €co + Cy-

However, we solve for investment in the present and find that

R «Q c 1.
Zl = — Y _)\1
l—a ex—¢€cc)/ iy

We can verify that investment moves in the opposite direction if ex < eco + %cy, and

therefore, 7; and 5\1 cannot simultaneously increase if the condition in Lemma 1 is satisfied.

O

A.4 Proof of Proposition 4 and 5

This section outlines the main steps for solving the key macroeconomic aggregates in the
linearized dynamic system with three alternative shocks: IST shocks, government spending
shocks, and preference shocks. When these shocks are included, the log-linearized system of

equations can be written in the following form:

Ei0i11 EiD 1 .
R4l = Jl,Zt + Mg tAH_ + Mu tAt+ + Mggty (A10>
Ot Vt

~ ~ /
where 2 = <Et/\t+17Et$t+1,Cta kt—i—l) )

11—«
l—oz—i-ag 0 0 O
(1-68)(1-0) 0 0 0
Jl/: 7 L 1 )
0 % g 0
a 6 Sey 1 dey 1 P
Tai, % no8 10T



0 0 (1—a)(1—5) I—a 0

l—a—l—as B l—a—i-ozg
(=668 _1-6 0 0 0
M, = 7 7 , M, = ,and M, = ,
0 0 0 0 0
0 0 0 5 — %9y

iy
g =1-(1-a) 5% — Gy ly=1—c¢,— g, = (1 — ) 53/5, and gy denotes the steady-state
ratio of government purchases to output. The matrix J, has a similar form as in the baseline
case. Besides, the eigenvalues of the matrix J, are the same as the baseline matrix ((; - ().
As a result, the aforementioned system has a saddle path when 0 < § < 1. Analogous to our
analysis of TFP news shocks, we focus on the case when news shocks materialize in period

3(1=2).

A.4.1 IST News Shocks

We first analyze the effect of IST news shocks. Assuming that the IST news shock hits
the economy in period 1, we solve the linearized system under a favorable IST news shock
and derive the solutions for consumption, labor, investment, and output. The following

expressions for the main aggregate variables in period 1 are obtained:

& =1, (0—a;), (A.11)
1 -

Ny = A/ A2
nl 1 — 1> ( )

N7 @ gy
W= M (A.13)
N =m (o) —0), (A.14)
= —np (0% + 5o+ s) . (A.15)

In the above expressions, 0¥, 6, n, n}, and 775,0 take the following form:

oC — E (1 - 95) (1 - 9) C3C4C£,
e G — G2 ’
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DY (1_‘9ﬁ> (1_9)C3C4 (9+5_1) (<4_p1/) C;/

o= © C3 — i :+<4—C2\II
NC) 1 G- G
TEACB0-0GE G ) (G- )
¢ O 1
T EGE (G- (G—p)o
1 « C3_C1 C
TS T a0 05

where the above auxiliary variables we introduce are given by

O =06 (G —p) F 7o 001 GG —p).

S A% aBbe(G =)

oG- G (1-a)d-081-0)

g = 001G —p) = (G40 = DG(G — o)
Gt —Gs

a+ (1 —a)i,

e @riD

We determine the sign of the above coefficients to examine the conditions under which news

v=0—

driven business cycles arise. It is obvious that = > 0. Also, we can further prove that ¥ > 0
and v > 0 when 046 — 1 > 0 for any positive values of (; and . Specifically, the numerator
and denominator of ¥ are both positive (negative) when ¢; < (>)6.

Next, we prove that v > 0. Because the sign of (; +d — 1 is uncertain, we consider two
cases. (a)If (; +6 —1 <0, it is easy to see that v > 0;(b) If (; +0 — 1 > 0, we still have
v > 0 because v =0 — M(( +6—-1)>0— ClﬁglzﬁW>O If v>0,
it is easy to verify that © > 0. Thus, we can conclude that ¢ > 0, 3} > 0, ny’o > 0,1 >0,
and 72 > 0 are all positive when © > 0, = > 0, and ¥ > 0. The above result implies that
current consumption, hours worked and output increase under a positive IST news shock

C 5.

when o € (¢, 7,

Finally, we examine solution of current investment (), the coefficients of sf and sy

take the following form:

v Y1-a(- 08)*(1 — 0)*CGciCa _
T e a (G — C)(G — G2) 7
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by 1=a@=-08)10-0)G [ a G(G—G) <(9+5—1)(C4—/)z): ¢ )_ /1
= oo |ioa e G-a  ta-6 )9

We use the similar method in Section A.2 to determine the range of ¢ that results in an

increase in investment (7). We examine two roots for the following quadratic equation:
Ao) = 0* + 8o + sb.

Let denote &7 the larger root and ¢ the smaller root. First, we can verify that A(0) = s < 0,
so the smaller root is negative (¢! < 0). By verifying A(c%) < 0 and A(5)) > 0, we can
further determine the range of the larger root 52 € (¢9,5)), and we have 0¥ < . < 7). To

conclude, the current response of investment is positive (4 > 0) when o € (0,57).

A.4.2 Government Spending Shocks and Preference Shocks

We can also express current consumption, investment, output, and hours worked when facing

a government spending news shock:

C N I
~9 ng ~g 779 ~g ~g 29 __ 779
1 — = " ny = ) yl_an17 =
o o g

where név , 7]; , and ng are positive parameters and take the following form:

1 9y

C
Mg = cya o 08 GG (2(00—p )
G oG e T Tal 00 4 d 6 (CGa = py)
N o (CS - Cl) oo (Cz - C1) c

c I c, % c
— , = - + - )
T T =) 1-08)1-0G"7 T i 0-—a)1-08)1-00G"9 i,
It is easy to verify that 75 >0, ¥ >0, and 1} > 0. So we have ¢{ < 0, n{ > 0, §{ > 0, and
i > 0.

When facing a preference news shock, we can express the current variables as follows

C N I
~0 T’Q ~0 /r/Q ~Q ~0 ~0 /r/Q
€ = — ) ny, = ) yl_an1> = )
o o o

where 775, né , and név are short-hand notations for structural parameters and take the fol-

lowing form:
C 1 (]_ - 9) C;

N = cyCa a 0B ¢ _ — )
(C4—C2?)/(C4—H1) + 1—a (1-08)(1-0) Ci—(i G4 (<4 CQ) <C4 p‘g)
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_ o (G —C1) c _ 1 a o(G—G) ¢, % ¢
”5‘(1—04)(1—95)(1—9)@’7@’ "5‘¢y1—a(1—95)(1—9)g3’7@+¢y’7@'

It is easy to verify that 75 > 0, )Y > 0, and 5} > 0. So we have ¢f <0, nf > 0, §{ > 0, and

if > 0.

The solutions show that an increase in future government spending leads to increases
in current investment, output, and hours worked but a decrease in current consumption.
The same responses occur when the economy is hit by a positive news about households’

consumption preferences.

A.5 Bayesian estimation for SGU (2012) model with both internal

and external habits

The model proposed by Schmitt-Grohé and Uribe (2012) incorporates a wide range of fric-
tions, including JR utility, habit formation, investment adjustment costs, and variable capital
utilization. This medium-scale model has demonstrated its success in explaining the behav-
ior of business cycles observed in macroeconomic data. The model features two sources
of non-stationarity shocks: nonstationary neutral technological shock and nonstationary
investment-specific technological shock. Additionally, there are other shocks in the model,
such as stationary neutral technological shock, stationary investment-specific technological
shock, government spending shock, preference shock, and wage-markup shock. These exoge-
nous shocks follow AR(1) processes and are influenced by unanticipated shocks as well as
two news shocks with anticipation horizons of 4 and 8, respectively.

We compare the internal and external habit formation within a full model of Schmitt-
Grohé and Uribe (2012). We use the calibrated parameters reported in Schmitt-Grohé and
Uribe (2012), and assign priors to the parameters as reported in Table 1, following standard
Bayesian estimation in the DSGE literature. We follow Schmitt-Grohé and Uribe (2012)
and incorporate the observed variables of seven time series, including the growth rates of
per capita real GDP, real consumption, real investment, real government expenditure, total

factor productivity, hours worked and the relative price of investment. Employing these
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priors and the sample data spanning from 1955:Q2 to 2006:Q4, we obtain posterior param-
eter estimates by running 2 chains with 200,000 draws each using the Metropolis-Hastings
algorithm. The reported posterior parameters represent the mean values. In Table 1, ¢ is
the Frisch labor elasticity parameter, v is the income effect parameter for JR preferences,

and k is the parameter for investment adjustment costs.

A.6 Proof of Proposition 4

We first log-linearize the system of equations and simplify the dynamic system. In equilib-

rium, we have ¢; = ;. Thus, the dynamic system can be rearranged as

0811 — (1 = O)x|Esé1 — 1+ 68— (1 —O)x] & + 661 =
N = Edip1 = 0B fopa,
ki = (1= 68) ky + 03
The contemporaneous relations are determined by
A+ =0, g =a+ (1—a)k + aiy,
Wy = G — Mg, Tr = G — ke, and Gy = ,¢ + iy

Let us denote z; = 03¢, — ¢;,_1, and then E;2;,1 = 0P8E;¢,1 — ¢;. The above log-linearized

system can be written in the form

E:a
241 = JXZt + MX i 5 (A].7>
a
~ . N N /
where 2z, = <Et)\t+17Et$t+1acta kt—i—l) )
l—« 5
1—a+o¢5 0 O 0 o l—oz—i-ag
(1-6B8)(1-0) ]
J, — | o= oy 0 and = | 0
1 1
0 % %8 0 0 0
a dey 1 dey 1 5 6 _1
Tai, T ws ne L0ty 0 =



l1—« _
l1—a+tad’

Because J, is a lower triangular matrix, we can determine its eigenvalues: p; =
Lo = ﬁ, [y = %, and uy =1 -6+ %. From the above, we see that u; < 1,
3 > 1 and py > 1. Since our model has two predetermined variables, the dynamic system
always exhibits a unique saddle-path equilibrium if |us| < 1, which is equivalent to y €
(—00,1) U (124, 00).

Without loss of generality, let us assume that a positive TF'P news shock hits the economy
in period 1 and will materialize in period 3. We follow Blanchard and Kahn (1980) to solve
the simultaneous difference equation system () and obtain the expressions for the main

aggregate variables in period 1:

A = ni‘ (af‘< —-0), (A.18)
i = —77>I<F (U) )

. 1 .
1= ——X, and iy = A
1—-a 11—«
From the above, the expressions of afg, O'i, Jag 77)’2, ni, and 7§ are short-hand notations for
structural parameters, which are given by
(g ps—=p) (pa — 1) W1k
UX = + 3| —————,
M3 —=p i (p3 — 1)
o = (M3—M1)(M4+M3—P)+M2 (,LL4—p) w1k1
i Hs = p pa (s — 1)’
o = (3 + pra — p) papts (1-08)(1-0)
o fﬁé@u—ﬂﬂu+a:$;§0m—ﬂﬂwﬂ—(L—mﬂ0m—ﬂﬁ’
n = 1 ocy i (ps — )
X prdy (e — p) (pa — pi2) (pa — ) K1
« 1 1 picy (1—065)(1—10)

I __
=1 o (=080-0) @ s —
1 —a GERCR e o cotictog (juy — p) ki fia iy 0 [1— (1= 0)x]

(pa—p)pa(l—p1) | ey p1

e = 1 é 1 (H3—p)ps iy pa
X711 _ ad(us—u1)0Bo[1—(1—-0)x] dc )
L= iy (g = p) pao SR o + i
where 3
)
wp = ————=>0,
l—a+ad
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1-68)(1—-0)i,(1—0a) uj

= 1—(1—&) ) ,u4—,ug’
~ [0ey papa | ad(uz—pa)o [l —(1—0)x] 1
o1=—|— : :
iy pa—p2 iy(l—a)(1=08)(1=0) | pa—m

The quadratic function I'(+) in the solution for the current response of investment is
defined as
[ (o) =0°+ sjo + sp,

where
g (1-08)A-0)1—a pse, pitps—pwir
0 1-(1-0)x « ps—p ps—p 1~
g = | Q=08 A-01—a  (us—m)(patps—p)+pe(pa—p)wik 1
=

—(1-0x o % ps = p p | s —
We consider two cases x € (—o0,1) and x € (%g, oo) separately.
Case 1: x € (—o0,1).
Weﬁndthat/{1>O,g01<0,a§>0,af<>0,gx>0,n;2>O,nf<>0,n§>0and36<0.
Thus, we can further obtain the following inequalities: o < og, and I' (0) = s, < 0 and
I'(0}) > 0. As a result, there exists a root, denoted as @, lying between 0 and ¢! such that

I' (G,) = 0. Therefore, we have I' (o) < 0 for all o € (0,7,).

Case 2: x € (%,oo).

We can verify that x; < 0, O'i‘ < 0, 0, > 0 and s; < 0. Thus, the sufficient and

necessary condition for ¢; > 0 is ny > 0, from which we obtain the range of 0 < o < g} for

comovements. The upper bound is given by

lea s em (1-090-0)

o py— i pa —pg 1= (1—0)x

oy
However, we verify that ni < 0 when 0 < ¢ < o). We can further demonstrate that
I'(0) =sp <0andI' (6;) < 0. As a result, the response of investment to a positive news
shock 2; is always negative when o lies between 0 and o7, and the comovement between

consumption and investment does not occur in case 2.
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A.7 Proof of Proposition 5

This section shows the proof of Proposition 5. The lower and upper bounds of the curvature

parameter for news-driven business cycles that we find in Proposition 3 are functions of x.

I'(o:x) =0+ 5y (x) o+ 54 (x)

We define 9, = ﬁ;as, ¥y = %ﬁ The partial derivatives of s and s are given by
¢ () = {1—%30 L (ug—ul)(u4+u3—p)+u4(u4—p)ﬁlui} (1-08)(1—0)ps
' « Y s — p Uy (3 — p)(pa — pi2) Vapiy 0z — pa)

L—a pse, py+ps—poipg {(1—9@(1_9)}2 145
a pz—p1 pz—p Vo 0 Ha — H2

9s1(x) _ {5_/1 (s — 1) (pa + pi3 — p) + pra (pa — p) 13 1 } o

Ix fa M3 — p Dapir (jug — o)) OX
Oso(x) _  1—a psey patps—pouj [(1 —05)(1 - 9)]2 f1a (2414 — i) Opio
dx a ps—p pz—p  Van 0 (b — p2)® Ox

1 8#2
= S/ |:—,u4 + _:| -
po (s — p2) — p2] Ox

ar s, 9,

x ooy
_ {s’lﬁx + 5 4 S B (3 — 1) (pa + p3 — p) + pog (g — p) 191,%2;_ } Ols
I pr2 (fta — fi2) (13 — p) (pa — p2)? Oopr *J Ox
_ _{E_iJr(us—ul)(u4+u3—p)+u4(u4—p)q91uia B L4 s’}a“2<o
2 (13 — p) (pa — p12)? Dopr X g (s — i) °f 0y
%:25X+8/1:5X—;—6>0.
X X

B Nonseparable Preference and Income Effect

The results we present in the main body of the paper are based on the assumption of
the utility function being separable between consumption and hours worked. This section

complements our analysis by considering a nonseparable utility function. We first prove that
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nonseparable utility without internal habit formation cannot generate news-driven business
cycles.

Let us consider a model with the utility u (¢, n;) assumed to be strictly increasing in
consumption ¢; and decreasing in hours worked n,, concave and C?, i.e., u, > 0, u, < 0,
Uee < 0, Upyp < 0 and Ueelpy — UenUne > 0. Consumption and leisure are normal goods, i.e.,

UpUen — Ulny = 0 and Uplee — Uele, = 0. We can derive the following result.

Proposition 9 The model with nonseparable utility and without internal habit formation

cannot generate news-driven business cycles under TFP news shocks.

Proof: The optimal conditions for consumption and labor change correspondingly as
Ue = Au (B]_)

oy =(1—a) N2, (B.2)
Uz
and all the other conditions remain unchanged. Specifically, the log-linearized equations for

the optimal consumption choice and labor supply decision are
gcc/c\t + E;cnﬁt = >\t7

5nc/c\t + (1 + gnn) h\t = Xt + @\157

where ¢.. = % <0, eep = “ZZ”, Ene = “g:c, Enn = % > (. The concavity condition implies

that €,, — €ne ic: > 0, and the normality conditions induce €,,,, — €., = 0 and €., — €, < 0.

~
~

(1 —a+emm — €)Mt = (Ece — Ene) G + a + (1 — ) ky.

Comovements between consumption and laobor require that 1 —a-+e¢,,, —e., and e..—¢&,,. take
the same sign. However, from the normality conditions, we know that 1 — a + &,,, — €¢p > 0

and €.. — €, < 0, which implies that ¢; and n; always move in opposite directions.
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C General Form of Labor Disutility

This section discusses whether the main result of the paper still holds for a more general
form of preferences with constant Frisch labor elasticity. However, once we incorporate such
household preferences, deriving an analytical solution for the linearized difference system
becomes infeasible because the system of equations becomes more complex. We cannot
rearrange the system in such a way that that the transition matrix J is upper triangular (as
in Eq. (8)), preventing us from obtaining analytical expressions for the eigenvalues.@
Because of that, we construct a two-period model to investigate how the TFP news
shock affects the household’s current consumption, saving, and labor supply decisions. We
find that the main result of our paper still holds in this two-period model. That is, inter-
nal consumption habits alone can generate simultaneous increases in consumption, hours
worked, and investment. Whether such comovement arises depend on the choices of the TES
parameter o. Furthermore, we find that the elasticity of labor supply can affect the range
of o for news shock comovements. The lower bound of ¢ decreases and the upper bound
of o increases as we increase the Frisch labor elasticity. Finally, we examine the numerical
results of our baseline model with a standard labor disutility and show that these results are

consistent with the theoretical analysis.

18We attempted several approaches to simplify the baseline model in the hope of obtaining analytical
expressions for the eigenvalues of the transition matrix, but all were unsuccessful. First, we considered
two extreme cases: one where the physical capital depreciation rate is 0, and the other where it is 1.
Second, instead of incorporating internal consumption habits, we introduce anticipated future social average
consumption (E;Cy41) into the preferences. This replacement simplifies the benchmark model by reducing
the fourth-order difference equation system to a third-order system, while retaining the prospective channel
of internal habits. However, none of these simplifications enabled us to derive an analytical expression for

the eigenvalues of the transition matrix.
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C.1 A Two-Period Model

The household utility function is given by

-0 1+1 -0 1+1
c Il c (cg — Ocy) ly ©
U l,l)= 22— —¢-2 — -2
(CbCQa 1, 2) 1—o ¢1+%+5 1—0o ¢1+% )

and her lifetime budget constraint is given by

Co U)ng
2wl ==
01+R wily + L

where R is gross interest rate, w; and wy are wages, and these prices are exogenous. The

(C.1)

optimality conditions are given by

17— B0 (co—0c1)7 = A, (C.2)
5 (CQ — 901)_0 = ]_l%)\, (C3)
DIE = M, (C.4)

VBl = s ()

where A is the Lagrange multiplier of the budget constraint. After rearrangement, we elimi-

nate \ to obtain the following system of equations with budget constraint (@)

2= [BR+0) +. (C.6)
1
ll % . w1
(E> = 5R2, ©7)
Dl (s — 0¢1)° = wy. (C.8)

We linearize the above optimality conditions of (¢q, 2,11, ly) around their initial values and

assume that a small TFP news shock (A) simultaneously affects the return on saving (R)

and the second-period wage (ws):

R=A, 1=A,
where variables with hats denote log-deviations from their initial values. Under this arrange-
ment, we obtain a parsimonious model without production, which can still be used to study

the effect of a TFP news shock (A) on current consumption (¢;), hours worked (I;), and

saving (k = wily — ¢1).
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C.2 Effect of TFP News Shock

Now, we study the effect of a small TFP news shock on first-period consumption and labor.
Before proceeding, we make some assumptions regarding the choice of parameters and ex-
ogenous prices in the model. First, we assume that §(R+6) = 1, which implies c; = (14+0)c¢;
according to (@) In this case, second-period consumption increases proportionately by a
factor of #, accounting for the effect of habit formation. Second, we assume that the wage
ratio for the two periods satisfies the following condition: 2 = SR to guarantee that the
hours worked are the same in both periods, i.e., l; = ls (see Eq. (@)) The above param-
eterization also guarantees that the choices of ¢ and € have no effect on the initial values
of endogenous choices, and it helps to facilitate the derivation of conditions for news shock

comovements.

C.2.1 Condition for ¢; >0

First, we derive the condition for o that guarantees a positive response of first-period con-

sumption to a favorable TFP news shock. By linearizing Eqs. (@), (@) and (@)
1 Cy — 901 R "

Co = C1 + — —A C.9
Ot T Ri6” (€9
Zl — ZQ, (010)
_ZQ +o0o Cy — Oo a él = 121 (Cll)

€ Co — Uy ¢y — bcy

By linearizing the lifetime budget (@)
R ca,. p ~ Wl » Woly  »

c1C1 + é(CQ - A) = w1l111 —+ %12 = (w1l1 -+ %)ll (C12)

The second equality follows from () Substituting () into () eliminates ly:

l )
L2 2t 00—+ A). (C.13)

A c A A
c161 + —2(C2 —_ A) = (w1l1 + R )‘5(_0'02 — (961 Cy — 901

R

Then, substituting (@) into the above expression eliminates ¢s:

1460, 1+, 0 1+6(1 1 R .
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The above arrangement employs the condition of ¢o = (1 + 0)c;. By Eq. (C.14), we can see
that the following inequality must be satisfied to guarantee a positive response of ¢; to a

favorable news shock A:

L+ 1+6 0 1+60 /1 1 R 1) =0
€ - — - :
R R+0 R \ocl4+060R~+0
After rearrangement and by using the expression of R = % — 60 to eliminate R, we have

1- 46

U>1+9+(1+5)965g' (C-15)

do

5. < 0, so the lower
€

For ¢; > 0, the IES parameter ¢ cannot be too low. Also, we find that
bound ¢ is decreasing in €. It means that a higher level of € induces a smaller value of the

lower bound of o.

C.2.2 Condition for Zl >0

Next we examine the effect of A on first-period labor [;. Substituting (@) into ()

eliminates ¢és:

. (I leg —0cy 2 Coy ~ Wolo  ~
ci1c1 + E?cl + g 2R—|— HIA — E?A = (wlll + %)ll (016)
Then substituting (@) into () eliminate ¢y:
1 6 . 1.
6= ———A— —I. 1
“ cR+0 o ' (C17)

Substituting into () eliminates ¢1, and we have:

1 1+0\, 1+4+60/[1 .
— D)1+ == =——(=-—-1)A
(0'6+ )(+ R )ll R (0 )

The above arrangement uses co = (1 4 0)c;. To guarantee a positive response of I, to a

favorable news shock A, we need

o<1 (C.18)

to be satisfied. The solution of I; is given by:

A. (C.19)



C.2.3 Condition for k > 0

Finally, we examine the condition under which a favorable shock on A causes an increase in

saving k. By linearizing the definition of saving, we have:
]{?l% = U)lllil — Clél. (C20)

Substituting () into the above expression eliminates ¢;:

. . 1 . 1.
= — - A - —
kk wlllll C1 <0’R—|—6 Jell)

Then substituting the solution of [ () into the above expression to eliminate Iy

. 1 (1-1) 1+6 1 6
kk = I+ — o .
[(w11+oe“) Er0(+5) R oR+”

A (C.21)

Here we can use the parameterization conditions of I, = ly, 32 = SR, and ¢; = (1 + 0)c; to
further simplify the above expression. After simplifying Eq. (), we have:

(R_—|—9 1)( (1-1) L+0, 1 0

R o) Tr)a+ 50 R T oR+0

EA
R

A (C.22)

The condition for k > 0 is given by

(14 O(R+0)? ,
R g

{(1 FO(R4H) - A+6)(R+6)"

R
(C.23)
Define the following quadratic function of o

Flo) = -+ OEHOF 5 {(1 +0)(R +6)

1 (1+9)(R+6)2+

R

(C.24)

Since F(0) = £ > 0 and F(1) = —0(1 + R+ 6)(+ + 1) < 0, we can conclude that the larger

root of F'(0) = 0, denoted as &, lies between 0 and 1. Also, for o € (0,7), we have F(o) > 0.
Thus, for k> 0, the value of ¢ should not be larger than .

Above all, for a positive TFP news shock to cause simultaneous increases in current

consumption, hours worked, and investment, the value of ¢ should be
c<0o<a. (C.25)
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Furthermore, we find that

oF (1+6)(R+0) R
- - 2
5o I 0= — <0, (C.26)
oF 1
—— =—5[R—(1+0)(R+0)o] (C.27)
Oe €
Now we verify that 86_};‘0:6' > 0. By Eq. (), we can find o* = m € (0,1) such

that %—f = 0. Also, for o > ¢*, we have %—f > 0.

Next, we show & > ¢* by substituting ¢* into F'(-):

o (R+0+1)07
o =trame e ™"

Since F(5) = 0 and F(o) is decreasing in ¢ € (0,1), so we have & > ¢*. Thus, 25|,_; > 0.

Finally, we can find how the value of € affect the upper bound & by

do oF j0F

o=0

The above two-period model highlights the role of internal consumption habits in gen-
erating news-driven business cycles. Without habits (# = 0), the lower bound @ = 1 (see in
Eq. ()), and the TEFP news shock cannot generate simultaneous increases in consump-
tion and hours worked. In this case, the shadow value of income and current consumption
always move in the opposite direction (see Eq. (@) when 6 = 0). So an increase in the
shadow value of income () is crucial for plausible news shock comovements. Moreover, the
simplified model helps us analyze how the labor elasticity affects the conditions under which

news shock comovement arises.

C.3 Numerical Results

This section shows the numerical result of our model with a general form of labor disutility.
1

l—0o €
We use the utility function U(hy,n;) = }itfa — wnliT, while keeping the other parts of the

model remain unchanged. We choose the baseline parameterization and vary the Frisch

elasticity parameter (€) to examine the values of the IES parameter (o) that generate news
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Figure C.1: Value of o for news shock comovements under different values of Frisch labor elasticity

shock comovements. The shaded area of Figure @ shows the range of o that leads to
increases in output, consumption, hours worked, and investment. Our baseline model is
an extreme case with a very large value of Frisch labor elasticity. We observe that for any
value of €, we can find appropriate values of o that generate news driven business cycles,
so our main results persist. Moreover, the range of ¢ expands as the Frisch labor elasticity

increases, consistant with the result we obtain in the two-period model.

D Numerical Results for Unanticipated TFP Shocks

Table C.1 shows the (co)variances of output, consumption, hours worked, and interest rates
for unanticipated TFP shocks. Figure C.1 presents the responses of macroeconomic aggre-

gates to a positive unanticipated TFP shock under both internal and external habits.

o4



Table D.1: Business cycle statistics: the RBC model with unanticipated TFP shocks

Moments Internal habit External habit

Relative standard deviations to output

oc/oy 0.39 0.47
oi/oy 5.77 5.68
on/oy 0.75 0.71
Contemporaneous correlations with output

corr(c, y) 0.35 0.38
corr(i,y) 0.95 0.92
corr(n, y) 0.81 0.85
Autocorrelations

corr(yt, y¢—1) 0.84 0.85
corr(ct, ce—1) 0.99 0.99
corr(ig,ig—1) 0.82 0.83
corr(ng, ny—_q) 0.80 0.79
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Table D.2: Prior and posterior distribution

Prior distribution

Posterior distribution

Internal habit formation

External habit formation

Parameter | Distribution  Mean  Std. dev. | Mean 5% 95% Mean 5% 95%
0 Beta 0.5000 0.2000 0.9209 0.8956 0.9446 0.9217 0.9013 0.9430
© Normal 4.0000 1.0000 5.3585 4.4614 6.2148 3.7355 2.0260 5.3996
¥ Uniform 0.5000 0.2887 0.0021  0.0000 0.0039 0.9700 0.9547 0.9861
K Gamma 4.0000 1.0000 7.9249  6.3163 9.4930 8.5838 6.5322  10.6675

d2/01 Inv. Gamma  1.0000 1.0000 0.5040 0.3421 0.6528 0.6036 0.4023 0.8034
Pxg Beta 0.5000 0.2000 0.4484  0.1800 0.7165 0.4402 0.1676 0.7083
Pz Beta 0.5000 0.2000 0.8530  0.7952 0.9124 0.8053 0.7151 0.8971
a? Inv. Gamma  0.1000 2.0000 0.7189  0.6542 0.7815 0.6842 0.6101 0.7731
ot Inv. Gamma 0.1000 2.0000 0.0661  0.0256 0.1081 0.0884 0.0231 0.1683
o‘§ Inv. Gamma  0.1000 2.0000 0.0679  0.0280 0.1124 0.0972 0.0222 0.1855
pua Beta 0.5000 0.2000 0.4784  0.3835 0.5662 0.4737 0.3788 0.5640
Uga Inv. Gamma  0.1000 2.0000 0.0824  0.0250 0.1466 0.2641 0.0660 0.3718
oﬁa Inv. Gamma  0.1000 2.0000 0.2237  0.0690 0.3671 0.0952 0.0236 0.1918
O'ia Inv. Gamma  0.1000 2.0000 0.2014  0.0315 0.3500 0.1441 0.0265 0.3283
Pg Beta 0.5000 0.2000 0.9399 0.9155 0.9638 0.9454 0.9188 0.9732
02 Inv. Gamma  0.1000 2.0000 1.0779  0.9811 1.1612 0.4820 0.0270 1.1130
03 Inv. Gamma  0.1000 2.0000 0.0691  0.0257 0.1115 0.7082 0.0295 1.1328
O’S Inv. Gamma  0.1000 2.0000 0.0731  0.0316 0.1274 0.0885 0.0230 0.1651
Pue Beta 0.5000 0.2000 0.8790  0.8122 0.9534 0.8137 0.6622 0.9576
0'21 Inv. Gamma  0.1000 2.0000 0.1015 0.0443 0.1619 0.0799 0.0249 0.1441
o’f:w Inv. Gamma  0.1000 2.0000 0.0528  0.0255 0.0806 0.0770 0.0243 0.1371
o’im Inv. Gamma  0.1000 2.0000 0.0578  0.0254 0.0895 0.0784 0.0239 0.1386
Pu Beta 0.5000 0.2000 0.9629  0.9434 0.9851 0.9798 0.9647 0.9960
02 Inv. Gamma  0.1000 2.0000 0.0734  0.0254 0.1273 0.0896 0.0232 0.1585
o’ﬁ Inv. Gamma  0.1000 2.0000 5.6988  4.9624 6.5091 13.4818  9.8529  17.0941
Uﬁ Inv. Gamma  0.1000 2.0000 0.1216  0.0197 0.2777 0.0871 0.0219 0.1677
Pe Beta 0.5000 0.2000 0.1977  0.0727 0.3236 0.4821 0.3250 0.6414
O’? Inv. Gamma  0.1000 2.0000 0.0827  0.0278 0.1528 0.0808 0.0245 0.1487
a? Inv. Gamma  0.1000 2.0000 0.0764  0.0252 0.1246 0.0977 0.0231 0.1924
0'<8 Inv. Gamma  0.1000 2.0000 6.9728  4.7240 8.9752 7.0465 5.6348 8.4367
pI Beta 0.5000 0.2000 0.6344  0.5426 0.7382 0.6010 0.4616 0.7392
USI Inv. Gamma  0.1000 2.0000 9.5536  6.8231 11.9900 | 10.5417 6.9846  13.9827
O’jl Inv. Gamma  0.1000 2.0000 0.1005 0.0232 0.2098 0.0829 0.0238 0.1541
afl Inv. Gamma  0.1000 2.0000 0.0588  0.0283 0.0885 0.0903 0.0230 0.1641
J;’;e Uniform 0.5000 0.2887 0.6096  0.5643 0.6589 0.6043 0.5559 0.6527
Log marginal density -1673 -1713
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