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Abstract

How do information flows influence business cycle dynamics in models with an-
ticipated (news shocks) and unanticipated innovations? To address this question, we
show how alternative specifications of news affect the equilibrium by deriving the map-
ping between news shocks and the endogenous variables in a simple analytical model.
News shocks are shown to add moving average (MA) components to endogenous vari-
ables. We then show how the additional MA components affect equilibrium dynamics.
We generalize two popular forms of news processes to demonstrate how information
flows impact equilibrium dynamics. To compare these news processes, we establish
conditions under which the two processes have identical information content. We find
that allowing news shocks to be correlated across time generates hump-shaped impulse
response functions and helps mitigate the comovement problem.
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1 INTRODUCTION

A burgeoning empirical and theoretical literature about the role of “news” in generating
business cycles has developed in recent years. Although the idea that news shocks may
be a source of fluctuations has a venerable past—Beveridge (1909) and Pigou (1927), for
example—much of the recent interest was spurred by Beaudry and Portier’s (2006) provoca-
tive empirical finding that innovations in stock prices appear to reflect news about future
productivity and, at the same time, account for a large fraction of business cycle fluctuations.!
Coincident with news about technology were developments suggesting that fiscal actions—
taxes and spending—may be well anticipated by private agents [Hall (1971), Poterba (1988),
Ramey and Shapiro (1998) and Yang (2005)].

Surprisingly, despite the centrality of information structures to the news literature—
whether it be news about technology or news about fiscal or monetary actions—there has
been essentially no exploration of alternative, equally plausible, assumptions about how infor-
mation about critical economic variables flows to agents. Instead, the canonical assumption

of information flows about news takes the form

Q

2 = pz—1 + qu,t—q (]-)

q=0

where 2 is the variable of interest—technology, taxes, government spending, short-term nom-
inal interest rate—and ¢,,_, is the “news” that arrives about 2z, contemporaneously with ¢
periods of foresight. Each ¢,,_, is i.i.d. and governed by a distinct probability distribution
for each ¢. Shock are also orthogonal at all leads and lags, so that e, ,1¢e;:—; for j # q.
We refer to the process in (1) “i.i.d. news.”

Information processes like (1), or minor variations on it, are canonical in the sense that
they appears across a wide range of applications [Leeper (1989), Yang (2005), Beaudry
and Portier (2004b), Christiano, Ilut, Motto, and Rostagno (2008), Fujiwara, Hirose, and
Shintani (2008), Schmitt-Grohé and Uribe (2008), Jaimovich and Rebelo (2009), Kriwoluzky
(2009), Mertens and Ravn (2009), Ramey (2009)].

This paper shows that many of the dynamic properties of equilibria under the canonical
news process, (1), are driven by the news process itself. But this canonical news process is
chosen largely arbitrarily, not grounded in either theory or empirics. Alternative, equally
plausible processes for news, can deliver strikingly different equilibrium dynamics.

We introduce an alternative new process, which we call “correlated news,” that posits an

Many recent papers document the importance of news shocks [Beaudry and Portier (2006, 2004a),
Schmitt-Grohé and Uribe (2008), Jaimovich and Rebelo (2009) Christiano, Ilut, Motto, and Rostagno (2008)
Fujiwara, Hirose, and Shintani (2008), Barsky and Sims (2008)].



autoregressive moving average process of the form

Q
2= P21+ Z CeEt—q (2)

q=0

where the (, parameters determine the relative importance of news at various horizons. Here
€1—q is also i.i.d., but the shocks are governed by a single probability distribution, regardless
of the horizon q.

The paper examines both a simple analytical model and a more complex DSGE model.
Analytics allow us to show explicitly how equilibrium dynamics vary with assumptions about
the news process. We then turn to a quantitative exercise using the DSGE model estimated
by Schmitt-Grohé and Uribe (2008), which represents an early and influential attempt to
bring theory to bear on the empirical question of the relative importance of anticipated
versus unanticipated shocks in accounting for business cycle comovements. In both models
we contrast outcomes under the canonical process with those under MA news.

The paper makes the following contributions:

e To understand how alternative specifications of news affect the equilibrium, we derive
the mapping between news shocks and the endogenous variables in a simple analytical
model. News shocks are shown to add moving average (MA) components to endoge-
nous variables. We then show how the additional MA components affect equilibrium

dynamics.

o We generalize the two forms of news processes—i.i.d. and correlated—to demonstrate
how information flows impact equilibrium dynamics. To compare these news processes,
we establish conditions under which the two processes have identical information con-
tent. If two identically informative processes generate different equilibrium dynamics,
then those differences are attributable entirely to the more or less arbitrary selection

of one new process over another.

e Compared to i.i.d. news, correlated news allows DSGE models to generate hump-
shaped response functions with far less reliance on real rigidities, such as habit forma-

tion, variable capital utilization, and investment adjustment costs.

e Relative to i.i.d. news, correlated news helps to mitigate the “comovement problem,”
the tendency for news about technological improvements to generate an economic
downturn in the period before the improved technology is realized, a problem iden-
tified by Cochrane (1994) and recently studies by Jaimovich and Rebelo (2009) and
Schmitt-Grohé and Uribe (2008), among others.
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Existing work tends to posit a particular, arbitrarily chosen, news process and then
derives and reports results that are conditional on that choice. Alternative news processes
are not examined or even acknowledged. But news about technological improvements is
intrinsically different from news about changes in tax legislation, and these differences may
call for different assumptions about information flows in the two cases. Because equilibrium
dynamics hinge critically on assumptions about information flows, the paper points to the

need for more thoughtful modeling of how information flows into the economy.

2 ANALYTICAL EXAMPLE

This section examines the equilibrium dynamics associated with news shocks in a simple
economic environment. The simplicity allows us to track the exact role played by news
shocks. We able demonstrate how different types of news processes alter dynamics. The
results and conclusions reached in this section extend to the more sophisticated model that

section 4 studies.

2.1 MobDEL We consider a standard growth model with log preferences and inelastic labor
supply. Technology is subjected to a shock, A;, and a proportional tax, 7, is levied against

income. With hours worked normalized to unity, the equilibrium conditions are

Ct + Kt == Atha_l ‘l— (1 - 5)Kt—1 (3)
1 1
= ﬁEtC— (1= 1) @A K7+ (1= 6)] (4)
t t+1

where (Y, and K; denote time ¢t consumption and capital, « is capital’s share of income,
[ is the representative agent’s subjective rate of discount, and ¢ is the depreciation rate
of capital. As usual, o, 3,6 € (0,1). The government sets the tax rate according to an
exogenous stochastic process and adjusts lump-sum transfers to satisfy the budget constraint,
T, = 1;Y;, where Y, is output. Government spending is identically zero.

Log linearizing equations (3)—(4) yields the equilibrium capital stock as the solution to
Eikii1 — okt + vkio1 = o Erarn — vias + SEiTi (5)

where lower case denotes deviation from steady state (7; denotes the deviation from the



steady state tax rate) and the coefficients are defined as

(1-p(A-0)—apd(d—-7))(x—1)

%:2_(1_5(1_5))( —1)ﬁ_1(1—7)_1—5

1—-05(1-9)

%:—ﬁ = +1-9
(1= (-0)(8(=0)+aBs (1—7)

0 af (1-71)

1-p(1-9)
"= af (1-71)
g:T(1—ﬁ(1—5)—a55(1—7))(1—ﬁ(1—5))

aﬁ(l—7‘)2

and 0 < 7 < 1 is the steady state tax rate.

To solve the linearized model, write the difference equation in capital as
(B2 =B~ +m)Eiki1 = Bz
where B denotes the backshift operator, defined as B~ E k;_; = Eiki_14;, and
2z = volar 1 — viag + BT

Factor the quadratic as (A\;—B™!)(Aa—B 1) Eik;_1 = Ey2 50 that y; = A\ A and 79 = Aj+Xo.
Note that \; > 0 and Ay > 0. Select \; < 1 and \y = 1_5(1_625@;6)(1_7) /\il > 1. Operating
on both sides with (Ay — B™1)~! yields(A\; — B~Y)Ejk;_y = (A — B™Y)7'E,2; and therefore

equilibrium capital accumulation obeys

ke = Mki—q — )‘2_1Et Z ei(Voat+1+z’ — NGy + §7A-t+1+i) (6)
i=0

where
B =7)N
1-pB7(1-90)

This equilibrium solution is well known and demonstrates that capital accumulation depends

0 (7)

on the discounted expected values of future total factor productivity and tax rates.

2.2 INFORMATION & SOLUTION This section aims to make transparent how news affects

the nature of equilibrium. The simplest information flows for taxes and technology posit



that they are serially uncorrelated and follow the (log-linearized) processes
Tt = Ert—q, At = Eat—q (8)

where ¢; ~ N (0, 0]2-) for 7 = a, 7. We assume agents observe current and past innovations
{€ri—js€ai—j )50, implying that they have perfect knowledge of future tax rates and technol-
ogy when ¢ > 0. For example, if ¢ = 2, then at ¢t agents have perfect knowledge of 71,712,
at+1 and ap2. Given (6) and (8), the equilibrium may be written as a function of ¢. It is
instructive to separate the effects of tax news from those of technology news. For taxes, we

obtain

. 0 for g =0 (9)
t — .
Mk — Ayl Z?:l 09 e, i1 forg>0

With no foresight about taxes, ¢ = 0, a surprise change in the proportional income tax is
lump sum, leaving capital unchanged. News that future taxes will rise depresses capital
accumulation.

The equilibrium as a function of the technology shock is

Mki_1 + M\ tve, forg=0
= 1R—1 2 1 1€a,t 1 | q (10)
>\1]{Zt_1 + )\2_ Vlga,t—q — >\2_ (V(] — ‘91/1) Z?:l Hq_]eaﬂg_jﬂ fOI' q > 0

As emphasized by Leeper, Walker, and Yang (2009) and shown by (9) and (10), foresight
about taxes and technology introduce moving average (MA) components into endogenous
equilibrium variables, even when the exogenous process generating the news (8) follows
an i.i.d. process.? Additional MA components arise entirely from the expectational effects
of foresight. The “hallmark of a rational expectations equilibrium,” in Sargent’s (1981)
memorable phrase, is that endogenous variables take on the stochastic characteristics of the
exogenous driving process with the mapping determined by the expectation operator. In the
typical framework with i.i.d. technology and taxes, equilibrium capital would follow an AR(1)
process and would be a function only of the technology shock. In models with news shocks,
the expectational effects imply that innovations dated ¢t — ¢ matter for contemporaneous
capital decisions. Forward looking agents will immediately adjust consumption and capital
holdings in response to impending changes in taxes or technology ¢ periods out. The time

between when agents learn the news shock and when the shock actually hits the economy is

2Leeper, Walker, and Yang (2008, 2009) emphasize that these MA coefficients can create problems for
structural VAR estimation.



referred to as the “anticipation horizon.”

Comparing (6) with (9) and (10) shows that, while the tax rate 7, and technology process
a; are discounted in the usual manner, the innovations ¢,, ¢, are discounted in a seemingly
perverse manner: the contemporaneous innovation receives the heaviest discount. To see
this more clearly, assume full depreciation (0 = 1) and a three-period anticipation horizon

(¢ = 3), and note that optimal capital accumulation as a function of the tax shock follows

kt = Oé]ft_l — (1 — 9)(7’/(1 — T)){gT’t—2 + ‘967—715_1 + ‘9267—715}

where 6 < 1. The “perverse” discounting of the shocks over the anticipation horizon occurs
because the contemporaneous innovation contains information about tax rates at time ¢ + ¢,
while ¢ — ¢ innovations are informative about the time ¢ tax rate and technology. This
discounting has important implications for characterizing the empirical aspects of models

with news, to which we now turn.

3 EMPIRICAL ASPECTS OF INFORMATION FLOWS

This section derives empirical implications of the stylized news process for the simple growth
model. The moving average terms in the solution for capital—due entirely to news shocks—
have important implications for equilibrium dynamics. We illustrate how dynamics depend
on information flows using the simple model under particular parameterizations. This sec-

tion’s exercises are illustrative; quantitative impacts appear in section 4.

3.1 EqQuIiLiBRIUM DyNamics Figure la plots the response of capital to a positive tax
shock under one, two, and four quarters of foresight for « = 0.36,6 = 1,5 = 0.99, and
7 = 0.25.3 The paths of capital display the consequences of the perverse discounting asso-
ciated with foresight. When taxes are levied on output, the optimal response is to decrease
the capital stock throughout the anticipation horizon with a sharp decrease in the period
immediately before the tax hike. For ¢ = 4, the capital stock does not respond on impact
because the contemporaneous innovation is so heavily discounted.

The figure shows that foresight about tax changes can change the serial correlation prop-
erties of endogenous variables, producing hump-shaped responses even in environments in
which no humps exist in the absence of foresight. It is well known that many macro aggre-
gates display this hump shape in response to various shocks. Rational expectations models

typically account for this empirical pattern by adding internal propagation mechanisms such

3With complete depreciation of capital, the equilibrium equations simplify even further, with A\; = «,
MNP=7/1-7)1-0),0=aB(l—T7).
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Figure 1: Capital impulse responses to tax shocks and spectrum for one quarter of foresight
(¢ = 1, unit impulse at ¢t = 1), two quarters of foresight (¢ = 1, unit impulse at ¢t = 2) and
four quarters of foresight (¢ = 4, unit impulse at t = 4)

as habit formation, capital adjustment costs, learning by doing, and price or wage stickiness.
That a very simple model of foresight can deliver hump-shaped impulse response functions
with the propagation due entirely to expectational effects suggests a useful research ques-
tion: how much of the propagation of economic shocks in time series data is due to agents
responding to news about future realizations of taxes and technology?

Another perspective on how information flows affect a model’s potential fit to data can be
gleaned from the spectrum of the model’s equilibrium. Hump-shaped and highly persistent
response patterns are consistent with Granger’s (1966) “typical spectral shape” of economic
time series, with most of the spectral power at low frequencies, and declining smoothly as
frequency increases. Figure 1b shows that the spectrum of the equilibrium changes with the
degree of foresight. The additional MA terms make the equilibrium process more persistent,
with low frequencies—those closer to the origin in the figure—relatively more important
components of the overall variance. This can be seen easily when capital depreciates com-
pletely. The spectra of equilibrium capital dynamics for one and two quarters of foresight

are given by

[7*(1 — 0)]*(1 + 20 cos w + 6?)
1 — 2acosw + a?

q=1/ —iwy\ __ [’7'*(]_—9)]2 =2/ —iw\ __
g (€7) 1-2acosw+ a2k (™)

(11)

where 7" = 7/(1 — 1), § = af(1 — 7), and w is frequency measured in cycles per period,
with 0 < w < 7. The MA term coming from the additional quarter of foresight alters
the spectrum by (1 + 20 cosw + 6%). The derivative of this term is —260sinw and because

0 > 0, the spectrum decreases on (0, 7). This additional MA term alters the spectrum of
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Figure 2: Capital Impulse Responses to Technology Shock and Spectrum for ¢ = 0, 2,4

the equilibrium so that lower frequencies become relatively more important. Expectational
effects of foresight about taxes imply that all innovations dated t—q through t—discounted at
rate 0—are relevant for time ¢ capital. As innovations are added to the equilibrium process,
the time series characteristics change and the process becomes more persistent.

It is not always the case that that foresight makes time series more persistent. The op-
posite is true for the response to a technology shock. Through tedious algebra one can
show that vy — 01y, > 0, and therefore capital responds negatively to an innovation in
technology throughout the anticipation horizon (periods ¢ through ¢t — ¢ — 1). Figure 2
plots the impulse response to a technology shock and the spectrum for ¢ = 0,2,4 and
a = 0.36,6 = 0.05,5 = 0.99 and 7 = 0.25. With i.i.d. technology shocks and no foresight,
future changes in technology are not forecastable and capital responds only to the contem-
poraneous innovation, declining at rate \; thereafter. With foresight, future changes in
technology are known and an anticipated positive technology shock raises future income and
wealth, but not current income. Agents smooth their consumption paths by raising current
consumption and decreasing saving. Over the entire anticipation period capital responds
negatively to positive news about technology.*

Figure 2b reinforces that foresight about technology makes the resulting time series less

persistent. The spectrum is given by

[\ t1)2(1 — 209 cos w + 9?)
1 — 2\ cosw + A2

_ ) )\—1 2
gg—o(e—zw) _ [ 2 Vl]

=1/ —iw
1— 2\ cosw+ A2’ g () (12)

4This pattern is exacerbated with elastic labor supply because higher wealth reduces labor supply, reduc-
ing current income.



where ¥ = A\;'(vp — Ov1) > 0. The additional term (1 — 20 cosw + 9?) is due entirely to
foresight and is increasing on (0,7). Therefore foresight with respect to technology tilts
the spectrum so that higher frequencies are given relatively more weight. The intuition
behind this result is that the wealth effect induces more fluctuations in capital vis-a-vis the
no-foresight AR(1) equilibrium.

Foresight’s distinct effects on technology and tax news in the simple model deserve em-
phasis. Foresight with respect to technology generates results that are inconsistent with
two of Prescott’s (1986) three elements of the “business cycle phenomenon”—the periodicity
of output (as shown by the reallocation of power to higher frequencies), and the comove-
ment of other variables with output. News about improved technology raises future income
but causes a current downturn, the so-called “comovement problem” in aggregate variables
[Cochrane (1994), Jaimovich and Rebelo (2009) and Schmitt-Grohé and Uribe (2008)]. Fore-
sight about taxes yields the opposite result: a more persistent equilibrium and, because lower
expected taxes raise current economic activity, positive comovement.

In the case of technology foresight, most of the “fixups” to align theory with data are
model specific. For example, to generate positive comovement following news of a positive
technology shock, Jaimovich and Rebelo (2009) use Greenwood, Hercowitz, and Huffman
(1988) preferences to minimize the wealth effects of anticipated technology on labor supply.
This eliminates the comovement problem associated with technology news. More generally,
habit formation, investment adjustment costs and other internal propagation mechanisms
are now considered standard additions to DSGE models. The next section underscores the
importance of understanding how information interacts with model dynamics, and argues
that exploring alternative information processes may be a promising way to reconcile theory
with data.

3.2 Two NEws PROCESSES Equilibrium dynamics are strongly influenced by the tem-
poral properties of the news processes. We begin by contrasting two types of news processes
that have been employed in the literature. The news shocks modeled as exogenous processes

are typically assumed to be i.i.d. which take the form
S(Ziid = D(L)[é?lt -+ Egt_l] (13)

where £1; and €9, are uncorrelated at all leads and lags and drawn from distinct probability
distributions, &;; ESh N(O,af,j) for j = 1,2. The D(-) process is a polynomial in the lag
operator L, Dy+ DiL + DyL? + - - - that satisfies square summability (i.e., Z(;io DJZ- < 00).
Schmitt-Grohé and Uribe (2008) embed an expanded version of (13) in their estimated DSGE
model with D(L) specified as an AR(1), D(L) = (1 — pL)™".



An alternative news process allows for the shocks to be temporally correlated. This

process is given by
7 = D(L)(C+ (1= ()L)e (14)

where now the ’s are drawn from the same distribution ¢ "<" N (0,02%). The moving-average
coefficient, ¢ € (0, 1), determines the relative weight of the shock at different time horizons.
Leeper, Walker, and Yang (2009) employ a version of (14) to study tax news.

As argued in the introduction, the i.i.d. news process is the one typically employed
by the burgeoning news literature. But little justification or motivation is provided for
why news is modeled in this manner. Here we make two points. First, we argue that the
alternative specification of news given by (14) is perhaps easier to motivate in terms of
economic interpretations. Second, we show that allowing for correlation in the news process
mitigates some of the empirical inconsistencies of i.i.d. news shocks described in the previous
section.

By modeling the exogenous process with a unspecified distributed lag, D(-), we are able
to derive results that are a function only of the correlation properties of the two shock
processes. These results are general, even though they are derived within the framework of

a highly stylized model.

3.2.1 EcoNOMIC INTERPRETATION In order to compare (13) with (14), we need a metric
to establish equivalency. For rational expectations models, a natural metric is equivalency
of forecast errors. Fortunately, contrasting (13) with (14) is straightforward because both

processes have the same number of free parameters—o?

2,02, for the i.i.d. news process, and

02, ¢ for the temporally correlated news process. We can then establish a result that equates
the information content of the i.i.d. news process with that of the temporally correlated
process. The following proposition answers the question: under what parameter settings

would agents be indifferent between conditioning on (13) and (14)7°
Proposition 1. The information content of 214 = D(L)[e1; + €9_1] is identical to that of
2t = D(L)(¢ + (1 — ¢)L)e; when the following restrictions hold:

02y =02’ (15)

o= o1 - (2=
; D,

(16)

Proof. Let J(L) = D(L)(¢ + (1 — ¢{)L) and let 2" denote the sequence of current and past

5We define “indifference” in terms of equating variance of forecast errors.
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2, 12—} 520- We can establish this result by equating the variance of the forecast errors at

horizons t + 1 and ¢t + 2. The Wiener-Kolmogorov optimal prediction formula yields

Elzl — E(xi {el,e51)]° = E[D(L)euys — L™ [D(L) — Doley,]* = Djo?, (17)

Elz, — E(x [{eDP = BIF(L)eryy — LTHF(L) — Rlel* = Di¢%o? (18)
Elzyy — E(aif|{el, e5}))° = E[D(L)[e142 + e2.011] — L72[D(L) — Dy — Dy L]ey,
]
]

~L7YD(L) — DoJeay)? :Dg[051+052] +D1051 (19)
Bzt — E(xia{eN)]? = E[F(L)errs — L7?[F(L) — Fo — FyL]e,]?
= {D5¢* + [Di¢ + (1 = ¢) Dol } o (20)
Equating (17) with (18) and (19) with (20) delivers the result. O

Since a majority of the work in the news shock literature posits an AR(1) specification

for D(L), we provide the following corollary to Proposition 1.

Corollary 1. If D(L) = (1 — pL)™', then the information content of (13) and (14) is
equivalent when o2, = 02¢* and 02, = 02(1 — () (2p¢ +1 — ()

As ( — 1, agents have no foresight concerning future changes in z; according to (14). The
corresponding restriction for the i.i.d. process entails removing e2,_; from the x; process.
Similarly, as ( — 0, agents observe x;.; without error, implying 05271 = 0. Notice also that
as the AR(1) process becomes less persistent (p — 0), the intuitive result emerges that the
variance of the two-step-ahead forecast error for the MA process (02(1 — ¢)?) must exactly
equal the variance of €g ;.

One crucial difference between the two information structures is the temporal correlation
in the agents’ innovations. An extreme case of the correlation structure emerges if we set
D(L) = 1. Under this assumption, the process in (13) posits that at date ¢ agents read two
different newspapers because the shocks €1; and e9;_; are drawn from different distributions.
The first reveals e;;—mews about x;—and the second reveals eo;—news about x;,;. But at
t + 1, €14 is no longer informative about = at any date. In contrast, the process in (14)
has agents at date t read a single newspaper to learn ;, which gives news about both x;
and x;.1. In the next period, yesterday’s news continues to be informative about z;,, but
today’s news causes agents to update their beliefs about x;.

This simplified example is not illustrative of the literature because it excludes the possi-
bility for news to be correlated through an autoregressive component. The following lemma

delivers a more general result.

11



Lemma 1. The temporal correlation in the agents’ innovations between date t +1 and t + 2

conditional on date t information for (13) and (14) is given by

El(ify — B e e01) (2 — E(aifsl{er, e5}))]* = DoDio?, (21)
El(ziy — B {e)) (@i, — B(ziio{e})]* = Do(CD1+ (1= () Dooz  (22)

Proof. Follows immediately from the proof of Proposition 1. O
Lemma 1 can be used to establish a specific result for D(L) = (1 — pL)™!

Proposition 2. If D(L) = (1—pL)~" with p € (0,1) and assuming an identical information
structure as given by Proposition 1, then the temporal correlation in the agents’ innovations
at time t+1 and t+ 2 is stronger for the temporally correlated news process in (14) than for

i.i.d. news process in (13).

Proof. Substituting into (21) and (22) gives

El(xif — Exifh[{e1, e5)) (@i — B(2i|{e1,65})]* = po?,

Bl(zi%y — E(aita{e")) (@t — B(ziSo{e )] = (Cp +1 - ()o?

Replacing 02, with ¢2¢* according to Proposition 1 implies the inequality p¢* < ((p+ 1 —
(). O

Proposition 2 shows that while both processes are able to accommodate temporal cor-
relation in agents’ innovations, (14) will always be more highly correlated. We are not
suggesting that more correlation is necessarily better, but it is easy to motivate correlation
in news shocks. Different dynamic properties of alternative new processes argue that there
is probably not one, single process that is appropriate in all settings. The choice of news
process should be guided by the phenomena under study. For example, with respect to fiscal
policy, less correlated news shocks could imply information arrives concerning two separate
pieces of legislation that affect tax rates differently at nearly the same horizon. It seems
more likely that the news process should be heavily temporally correlated, as in (14). This
is because fiscal policy is subject to substantial lags due to the legislative process and im-
plementation of changes in tax policy.® While a proposed tax change may undergo slight
revision as it is debated and passed in the House and Senate, there are no revisions during the
implementation lag. Temporal correlation in the news process is probably most appropriate

when examining fiscal foresight.

6Yang (2008) estimates the median lag time to be three to four quarters, while Mertens and Ravn (2008)
estimate it to be six quarters.
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Figure 3: Moore’s Law for the number of CPU transistors (logarithmic scale).

The news process appropriate for modeling technology diffusion is quite different from
the fiscal example. Extensive theoretical and empirical work finds that technology adoption
follows an S-shaped diffusion function [Griliches (1957), Geroski (2000), and Rogers (2003)].
Griliches (1957) found that the period of time that from 10 percent to 90 percent of fields
became planted with hybrid corn varied tremendously from state to state: 4 years in Iowa; 9
years in Wisconsin; 19 years in Kentucky. Mansfield (1989) studied how many years it took
for one-half of the population of potential uses to adopt certain technologies, finding times
that ranged from 1 year for tin containers to 15 years for coke ovens. As Geroski (2000,
p. 618) emphasizes, “most innovations fail (i.e., they do not diffuse at all), and it seems
reasonable to insist that any serious model of diffusion ought to include failure as a possible
outcome.”

Rotemberg (2003) emphasizes that the slow diffusion of technology can have important
short-run consequences through expectation formation. Business cycle fluctuations occur
because agents must update the probability of success, failure, and rate of diffusion of tech-
nology. An upward revision to long-run output generates wealth effects that lower marginal
utility today. Moore’s Law graphically illustrates of this expectational channel. Figure 3
plots the number of CPU transistors over time. The solid line is Moore’s Law, which posits
that the number transistors should double every two years. The exponential trend represents
the expected increase in computing power over time, while the realizations represent inno-
vations in agents’ information sets. That Moore’s Law has been a very good approximation
to actual data suggests that future changes in CPU technology are correlated. Figure 3 also

shows that realizations both above the trend and below the trend tend to cluster; from 1995
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through 2003, for example, many of the processors could not keep pace with Moore’s Law.
Technology diffusion seems to call for both strong temporal correlation and high persistence

in the innovations to agents information sets.

3.2.2 GENERALIZATION AND DyNaMIC IMPACT We now examine the dynamic implica-
tions of the two news processes by incorporating an information structure that nests both
(13) and (14) into the simple model of section 2.

Assume that the log-linearized tax and technology news separately evolve according to”
zi™ = D(L)[e1y" + €574 (23)
where each shock in (23) is a linear combination of two i.i.d. disturbances

gen __
€1 = o1t + O12M

gen __
€y = 021"t + 02272t

The n;;’s are assumed to be distributed as standard normal and are uncorrelated at all leads

and lags. This implies that the innovations are distributed as bivariate normal according to

gd” 0
h;n =N ’
ey 0
where ¢ = (011091 + 01209) /109 controls the correlation among the innovations and o? =

2 2 — 2
0-11+0-12’ Ul: 0-1

2 2
011+012 90-10-2

2 2
00109 051 + 039

Agents are assumed to observe current and past innovations {7 j, 72+ }52, which,
according to (23), implies that agents have foresight about future values of tax rates and
technology. The ratio of the variances (@ = (0}, +0%,)/(03, +03,)) governs the importance of
news at different horizons. For example, as w — 0, the process is given by /" = D(L)e%;",,
and agents perfectly observe tax rates and the technology process one period ahead.

By changing the correlation in the innovations, the generalized process nests i.i.d. news

ZL’iid = D(L)[Ullnlt + 0'22772t—1] = D(L)[Elt + €2t_1]

"Here we abstract from the MA coefficients ¢ and 1 — ¢ for clarity. Including the MA coefficients would
not change the results we derive.
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where €1; and €9, are now uncorrelated at all leads and lags. And ¢ = 1 yields

2;* = D(L)[(o11m1¢ + 022m2¢) 4+ 011m10-1 + O22mae—1] = D(L)[e; + &4-1]

where now the ¢’s are drawn from the same Gaussian distribution with variance 0%, + 03,.
As might be expected, the temporal properties of news have important implications for
economic behavior. Section 2 demonstrated how news with respect to technology leads
to dynamic equilibrium behavior that is inconsistent with data. In order to analyze how
temporal correlation in the shocks might mitigate these findings, we solve the simple model
assuming the process for technology follows the generalized process (23). We focus on the
solution for 79, because it represents the news shock for the i.i.d. news case, but this is
without loss of generality given the symmetric structure of the innovations. The generality
of the solution is preserved by following Whiteman (1983) and solving the model in the

frequency domain as a distributed lag in 7y, leading to the next proposition.

Proposition 3. The optimal capital sequence is a function of ny, ky = F(L)ne, which in

equilibrium is given by

D(L)H(L) — D(Al)H(Al)) 5 (24)

koo = (PGS,
where H(L) = (012 + Logs)(vo — L)

Proof. Recall the model is given by
Eikipr — yoke + k-1 = voag 1 — viay

Substituting for the k; and a; processes and taking expectations yields the functional differ-

ence equation in the z-transform in 7y,

2 (2) — Fy)] — % F(2) + 12F(2) = vo(27H[D(2) — Dolora + D(2)02)
— U1 (D(Z)[O'12 + 0'222]

Collecting terms in F'(z) and factoring the quadratic so that 71 = My and v = A\ + Ao
yields

F(Z)[(Z — )\1)(2 — )\2)] = F() — I/()D()O'll + D(Z)H(Z)

The function F'(z) must be analytic on the open unit disc in order for the F'(L)n.,; sequence

to be square summable. This will be true if the free parameter [y is set to remove the pole
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at z = A\;. Evaluating at z = A\; and solving for Fy delivers (24). O

We can use this generalized solution to examine how the properties of the equilibrium
change as the correlation in the shock varies. Foresight with respect to technology generates
a powerful wealth effect that produces a negative response to capital (and subsequently
output) over the anticipation horizon, as the previous section shows. Because we assume
only one quarter of foresight in this example, the anticipation horizon occurs on impact.
Evaluating F'(L) at L = 0 delivers the anticipation effect associated with observing 7,

which is

F _ DQO’121/0 — D()\l)H()\l)
’ Ao

(25)

The following proposition shows that as the temporal correlation in the innovation increases,

the anticipation effect subsides.

Proposition 4. If D(L) = (1 — pL)™! and 099 > 011, then the anticipation effect associated
with i.i.d. news (o135 = 0) is greater than the anticipation effect associated with correlated

news (o2 > 0).

Proof. Notice that eliminating the correlation in the shocks 15 = 0, yields the inequality
Fg=Y < Fy if Doy — D(\)(vo — Mivy) > 0. If we impose D(L) = (1 — pL)~", the inequality
holds because vy\; [%] >0, g, A1 > 0 and A\, € (0,1). We also need the variance of the

news shock o3, to be larger than the contemporaneous shock of; for the result to hold due

to the equivalent representation of (24) in 7y;. O

Figure 4 shows the extent to which adding correlation in the shock mitigates the antic-
ipation effect. This result holds for any AR(1) specification. Figure 4 makes clear that the
anticipation effect can even be reversed in this simple setting. By changing the size and sign
of the anticipation effect, temporally correlated news shocks can mitigate the anticipation
effect and the comovement problem. Given the simplicity of the model, we do not interpret
these results quantitatively. We now turn to a more sophisticated model to get a better

sense of the quantitative effects.

4 ScHMITT-GROHE-URIBE MODEL

The intuition for the simple model extends naturally to more complex environments. In order
to demonstrate this point, we now turn to the model of Schmitt-Grohé and Uribe (2008,
2010) (SGU). We examine this model because SGU is among the small handful of papers
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Anticipation Effect

Figure 4: Anticipation Effect (Fp) for various AR(1) coefficients (p) and temporal correlation

(0)

in the literature that estimate a DSGE model with news.® SGU use the i.i.d. information
structure, so we shall compare the implications of that information structure to those that

emerge when the innovations are temporally correlated.

4.1 MobDEL DETAILS The model economy includes several features commonly added to
real business cycle (RBC) models, which are designed to capture the sluggish response to
innovations found in estimated VARs [Burnside, Eichenbaum, and Fisher (2004)]. These
real rigidities include habit formation, capacity utilization, and investment adjustment costs.
We employ SGU’s (2008) model structure with the only difference being how information is
modeled. We highlight this key distinction in the next section.

A representative household derives utility from consumption, C; and leisure, ¢;, and

maximizes

5,3 gl = Ol = b)) 1

- (26)

t=0

where [ is the discount factor, 6. and 6, determine the degree of internal habit formation, y

controls the marginal rate of substitution between consumption and leisure, and ¢ determines

8Davis (2007) and Fujiwara, Hirose, and Shintani (2008) are other examples.
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the intertemporal elasticity of substitution. While habit formation in consumption is a
common assumption, habit formation in leisure is somewhat unorthodox. The motivation is
to induce adjustment costs in hours worked. This is an important assumption in models with
news shocks because an anticipated increase in productivity induces a strong wealth effect
over the anticipation horizon and causes an immediate negative response in hours worked.
Habits in leisure ensure that households begin adjusting labor supply at the moment they
receive the news.”

The capital stock evolves according to

I
Ky = [1—6(w)] Ky + 1y [1 - S(%)} (27)
t—1
where I; denotes gross investment and u; measures capacity utilization in period ¢, chosen
optimally by households (owners of physical capital). The effective amount of capital services
supplied to firms at time t is given by u;K;. The depreciation rate is assumed to be an

increasing, convex function of the rate of utilization,
— 02 2 .
5(u)—50—|—51(u—1)+5(u—1) 5 >0. Vi

Investment adjustment costs follow Christiano, Eichenbaum, and Evans (2005) and also

follow a quadratic specification
S(@)=s(x—u')? k>0

where 1 denotes the steady state growth rate of investment. Analogous to the role played
by habit formation, investment adjustment costs and a utilization-contingent depreciation
rate induce elongated and smooth impulse responses to innovations impacting capital.

The production technology is given by
}/;/ = Zt(uth‘Xth%_a) (28)

where z; is a transitory productivity shock, X; is a permanent productivity shock, and h;
denotes hours worked, h;, =1 — ;.

The government consumes an exogenous and stochastic quantity of goods G;. The re-

9The condition that consumption and leisure enter the utility function multiplicatively ensures that
adjustment costs do not fade over time [King, Plosser, and Rebelo (1988)].
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source constraint is given by
Ct + At]t -+ Gt == Y;g (29)

where A; is the rate of transformation between consumption and investment goods, and is
assumed to exogenous and stochastic. A; represents the relative price of investment goods
in terms of consumption goods.

The social planner’s problem is solved by maximizing (26) subject to (27)—(29) by choos-
ing Cy, hy, Uy, Kyi1,u, Yy and I, given Ky and the exogenous processes for Gy, X;, A; and z;.

SGU show the first-order conditions are given by

Ui(+) = 0BEUL() = Ay
Us(+) — 0, BEU () = Nz X Fo(+)
Qi = BE N [zt Fi () + Qea (1 — (1))
2Py (-) = Q' (uy)

I I ) /< I )} (It+1)2 /(It+1)
Ah, = Qi |1 =S =) — ()5 (22 ) | + BEQuar Ay [ 22 ) o7 (22
t41t Qt t|i ([t_l) ([t_l ]—t_l /8 tQt+l t+1 ]—t ]—t

where A;Q; and A, is the Lagrange multiplier on (27) and (29), respectively. @ is the relative
price of installed capital in period t available for production in period ¢+ 1 in terms of period

t consumption goods (Tobin’s marginal q).

4.2 INFORMATION FLOWS The model consists of four exogenous shock processes—stationary
neutral productivity shock z;, nonstationary neutral productivity shock X;, investment spe-
cific shock A;, and a government spending shock G;. We examine two alternative specifica-
tions for the news process. The first is a simplification of the one examined in Schmitt-Grohé
and Uribe (2008) and is given by

0 1 2 3
Tp=pPre1 +Epy T 1 TE ot EL 3 (30)

where E;t denotes the j-period anticipated changes in the level of z;.'° These shocks are

assumed to be independent across time and anticipation horizon E&ti,té"; tem = 0 for k,j =

0,1,2,3 and Eéita’;,t = 0 for any k # j. The information set of the agent is still assumed to

2

be current and past realizations of the exogenous shocks €7 ;. By observing &7 |,

for example,

agents know precisely how this shock will impinge upon x;,5 and agents will respond as soon

In an updated version, Schmitt-Grohé and Uribe (2010) model news according to ¢ = pxi—1 + €9 , +
5%,&4 + 52,1578' For our purposes, it is sufficient to examine (30) as the conclusions reached in this section
will extend to alternative specifications for i.i.d. news.
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Table 1: Calibrated Parameters
Parameter Value Description

I6; 0.973  Subjective Discount Factor

o 2 Intertemporal Elasticity of Substitution

« 0.3 Capital Share

do 0.025  Steady-state depreciation rate

W 1 Steady-state capital utilization rate

w 1.0045 Steady-state gross per capita GDP growth rate

ne 0.9957 Steady-state gross rate of price of investment

G/Y 0.2 Steady-state share of government consumption in GDP

Table 1: Calibrated parameters taken from Schmitt-Grohé and Uribe (2008).

as the shock is observed. Agents do not have perfect foresight, however, because x; also
contains a contemporaneous innovation.
The alternative functional form is the correlated news process discussed above and is

given by
Ty = PTi—1 + Qo + P1€xi—1 + P2Ex1—2 + P3E4 13 (31)

where ¢, is normally distributed with mean zero and variance afz. We assume agents observe
current and past realizations of the shocks {5x,t_j};?‘;0, and interpret the moving-average
parameters as weights with restrictions ) ; ¢; =1 and ¢; > 0. Given that (31) is a function
of past shocks, we allow for the possibility that by observing the shocks directly, agents

receive “news” about the future path of the x; process.

4.3 SOLUTION AND CALIBRATION The model is linearized around steady state values
(see Appendix A of SGU (2008)) and calibrated according to the calibrated parameters
and posterior means found in SGU. Table 1 reports the calibrated parameters, which follow
standard values found in the literature. SGU use quarterly data ranging from 1955:Q1 to
2006:Q4 to estimate the model using Bayesian methods. The observable variables include
the GDP deflator, real per capita GDP, real per capita consumption, real per capita in-
vestment, real per capita government expenditures, per capita hours and a relative price of
investment goods, following Fisher (2005). Table 2, taken from Schmitt-Grohé and Uribe
(2008), contains the prior and posterior moments for parameter values of interest. For a

more thorough discussion of the estimation procedure see Schmitt-Grohé and Uribe (2008).

4.4 INFORMATION FLOWS, PROPAGATION, AND COMOVEMENT The model includes the
typical propagation mechanisms that better align theory with the hump-shaped gradual
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Table 2: Selected Estimated Parameters

Parameter Prior Distribution Posterior Distribution
Distribution Mean Std. Dev. Mean 5 percent 95 percent
0. Beta 0.5 0.1 0.85 0.83 0.88
0, Beta 0.5 0.1 0.56 0.5 0.63
K Gamma, 4.0 1.0 5.1 4.2 6.2
09 Uniform 5.0 2.9 0.11  0.08 0.14

Table 2: Posterior estimates of preference and technology parameters taken from Schmitt-Grohé
and Uribe (2008).

impulse response functions seen in the data. These propagation mechanisms include habit
formation, investment adjustment costs, and variable capacity utilization. The intuition
described in section 3 demonstrates that news shocks may either augment or diminish the
persistence of the endogenous variables. How these propagation mechanisms interact with
news shocks will hinge on [i] how the news is modeled and [ii] the optimal responses of
agents to the news shocks (i.e., will the MA coefficients enter positively or negatively). If
news is correlated across time, the endogenous variables will inherit this property and will
display impulse response functions that are smoother and hump-shaped. If the news shock
reallocates spectral power to higher frequencies, then the propagation mechanisms will have
to work harder (i.e., require higher values for the parameters in table 2).

As Schmitt-Grohé and Uribe (2008) note, the estimated friction parameters from the
model with news shocks are relatively high compared to the literature. The habit formation
parameter (.) has a very tight posterior around the mean of 0.85; the lower tail of the
posterior distribution is three standard deviations above the prior mean. This indicates that
the data strongly favor a relatively high value for 6, (relative to the prior specification). A
similar, but less pronounced, pattern applies to the investment adjustment cost parameter,
k. The prior distribution is in line with standard assumptions, as in Justiniano, Primiceri,
and Tambalotti (2008), but the posterior mean is a full standard deviation above the prior
mean. As a frame of reference, Justiniano, Primiceri, and Tambalotti (2008) have the same
prior distribution but an estimate of the posterior mode of 2.42. Christiano, Eichenbaum,
and Evans (2005) estimate & to be 2.42 in a flexible-price model. Of course these estimates
are not strictly comparable due to differences in model and the absence of news, but it is
hard to imagine that model structure alone would generate this kind of discrepancy.

In an updated version of their paper, Schmitt-Grohé and Uribe (2010) estimate a news
process that allows for up to eight quarters of foresight. The additional degrees of foresight

pushed the posterior median estimate of x to 9.11 with a standard deviation of 1.05, and the

1See Kano and Nason (2009) for a more thorough explanation of the spectral properties of habit formation.
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Figure 5: Consumption response to an anticipated (solid) and unanticipated stationary
technology shock with habit formation (square) and without habit formation (circle)

habit formation parameter was again tightly estimated with a median of 0.91 and standard
deviation of 0.01. These estimates further corroborate our hypothesis that models with i.i.d.
news shocks must rely more heavily on propagation mechanisms.

Figure 5 shows how an alternative information structure might change these posterior
estimates. This figure plots the impulse response of an unanticipated shock and a news pro-
cess given by z; = 0.92,_1 +0.485¢; + 0.345¢;_1 +0.148¢;_5 + 0.022¢,_3. Figure 5a shows that
this news process is hump-shaped, which assumes a strong correlation in the agents innova-
tions as shown by Proposition 2. Figure 5b plots the response to the unanticipated shock
assuming no habits and habit formation with 6. = 0.85. Habit formation alters the mono-
tonically decreasing impulse response to one that changes gradually and is hump-shaped.
This figure also shows that the correlated news process can replicate the impulse response
function associated with habit formation for the first three quarters. That is, as noted in
section 3, coupling foresight with a correlated news process generates MA coefficients that
imply a smooth, hump-shaped impulse response function. The impulse response produced
by habit formation cannot be matched exactly; to do that the degree of foresight would have
to extend beyond two years—a period of foresight at least as long as the quarter where the
maximum of the impulse response occurs for the model with habit formation. Nonetheless,
the figure demonstrates a general phenomenon: there is a tradeoff between the correlated
news process and the degree of habit formation.

To examine this tradeoff, we solve the model using the i.i.d. news process, (31), calibrating

all of the parameters to the posterior estimates and calibrated values of SGU, with the
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exception of the AR and MA coefficients of (31) and the habit formation parameter. Our
target statistics, ¥ in (32) below, are the path of consumption following a stationary neutral
productivity shock, as estimated by SGU in their model with habit formation and the new
process in (30). We choose the parameters of the new process in (31) and the habit formation

parameter by solving

m@in[xif — (O VY — ¥(O)]

subject to 0, € (0,1), ¢; € (0,1), D =1 (32)
J

where © = {6, p, ¢;} and V are the posterior means of the variances of the stationary neutral
technology taken from table 3 in SGU’s paper. We normalize the covariance matrix so that if
the MA coefficients were all set to unity, the two information structures would have identical
covariance matrices if p = 0.5. We included the first 50 elements of the impulse response
function. Because there is an inherent indeterminacy between the news process and the
habit formation parameter, the minimization was conducted in two steps. First, the AR and
MA coefficients were estimated assuming no habit formation 6. = 0; then a search for the
habit formation parameter that minimized the distance between the two impulse response
functions was performed, taking the AR and MA coefficients as given. We then increased
the degree of foresight and repeated the estimation.

Figure 6 shows the tradeoff between the habit formation parameter and the degree of
foresight as the degree of foresight is increased from 1 to 12 quarters. To a certain extent the
picture reaffirms the estimates of SGU. Even when the news process is temporally correlated,
the decrease in the habit formation parameter is slow, falling only from 0.85 to 0.79 with
four quarters of foresight. However, the next several quarters of foresight leads to a dramatic
decrease in the habit formation parameter (from 0.79 to 0.38). Intuitively, expanding the
degree of foresight increases the degrees of freedom available to the estimator, implying a
better fit to SGU’s estimated impulse response function for consumption, with less reliance
on the persistence induced by habit formation. With three years of foresight, the habit
formation parameter falls to 0.2, a number much smaller than empirical estimates. The
upshot of this exercise is simply that the results here suggest that by modeling news as
correlated, the real frictions of the model would not have to work as hard to fit the data.

This exercise is merely suggestive.'? However, the figure does raise questions about the

propagation mechanisms driving standard DSGE models. Informational frictions, which are

12A more definitive approach to examining this tradeoff would be to estimate the SGU model using the
temporally correlated news process (31), and then use formal model comparison to let the data decide which
news process is preferred.
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Degree of Foresight

Figure 6: Tradeoff between Foresight and Habit Formation

rarely modeled, could be a driving force behind the propagation and amplification of shocks,
rather than the familiar propagation mechanisms. We take seriously Lucas’s warning about
theorists bearing free parameters. Although the result in figure 6 certainly relies on free
parameters, should it be dismissed so freely? Figure 3 of Moore’s Law suggests that several
years of potentially noisy foresight about technological improvements may be perfectly plau-
sible, and studies of technology diffusion corroborate this. Our argument, though, is less
precise: the tradeoff between information specification and conventional forms of producing
propagation in DSGE models argues forcefully for studying the nature of information flows in
various contexts. Such studies could reveal the degree of foresight and lead to more plausible
characterizations of how news about important economic factors arrives.

As advocated throughout this paper, we offer an informational approach to mitigating
the comovement problem. Figure 7 plots the responses of macro aggregates to the non-
stationary neutral technology shock under two information structures—a i.i.d. news process

given by

In X/ =1n X;_; 4 In pf (33)
In(ug /p*) = po In(pg_y /1) + €14 + €241

and a temporally correlated news process

In X/ =1InX; 1 +Inyuf (34)
In(pf /p*) = pe In(pf_y /1") + (¢ + (1 = ¢)L)e

As explained by Schmitt-Grohé and Uribe (2008), the pu* parameter determines the drift in
the level of the nonstationary component of labor augmenting technological change.

We examine this particular shock for two reasons. First, Schmitt-Grohé and Uribe (2008)
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Figure 7: Impulse response functions to a nonstationary technology shock: i.i.d. news sum
of €14, €9 (solid) and correlated news (square)

find that 18 percent of the variance of output can be attributed to one-quarter anticipated
changes in the growth rate of the nonstationary productivity shock. Third most among
all shocks in the model. Second, one-quarter anticipated changes in the growth rate of
this productivity shock generate a comovement problem as hours declines on impact due
to the positive wealth effect associated with anticipated increase in permanent TFP. This
result runs counter to the conclusions reached in Beaudry and Portier (2006), who find that
output, investment, consumption, and employment all increase in response to anticipated
changes in permanent TFP. Jaimovich and Rebelo (2009) obtain positive comovements of
output, consumption, investment and hours by minimizing the wealth effect through Green-
wood, Hercowitz, and Huffman (1988) preferences. Jaimovich and Rebelo generalize the
Greenwood, Hercowitz, and Huffman’s specification of preferences by including a parameter
that controls the strength of the wealth elasticity of labor supply. This parameter can be
set to ensure that hours worked increase over the anticipation horizon.

In order to compare the two information processes on an equal footing, we use use
Proposition 1 to calibrate (34) according to the posterior means of (33) estimated by SGU.
The estimates from Schmitt-Grohé and Uribe (2008) are: p, = 0.14,0.1 = 0.69, 0.2 = 2.2,
which translates into ¢ = 0.25 and 0. = 2.79 for (34) according to Corollary 1. We also plot

the combined impulse response for £, ; and €5, in (33). The tc news process does not generate
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a pure anticipation effect due to the correlation in the anticipated and unanticipated shocks.
By plotting the sum of the impulse response functions for (33), we ensure that it too does
not generate a pure anticipation effect.

Figure 7 shows that the anticipation effect on hours is mitigated under the temporally
correlated news process relative to i.i.d. news. The temporal correlation does not reverse
the qualitative nature of the wealth effect; hours falls, just not as much as with i.i.d. news.
Moreover, because of the frictions in the model, the responses of output, consumption,
and investment are not that different across the information structures. The correlated
news structure alters hours worked dramatically (the combined i.i.d. response is nearly five
times the response of the correlated news process), but does not alter the other variables
that much. This suggests that the GHH preference structure (or alternative mechanism to

alleviate comovement) may not have to work as hard with a correlated news process.

5 CONCLUDING REMARKS

We have shown how news shocks alter equilibrium dynamics analytically in a simple model
and numerically in the model of Schmitt-Grohé and Uribe (2008). News shocks are able
to produce hump-shaped responses even in environments in which no humps exist in the
absence of foresight. News shocks that create a hump-shaped response alter the spectral
composition of the equilibrium by shifting relative variance to lower frequencies. That news
shocks create these dynamic effects without any additional propagation mechanism suggests
that information structures can help to reconcile theory and data.

How information enters the economy is crucial for understanding the dynamic impacts of
news. We have demonstrated that temporally correlated shocks produce different equilibrium
outcomes than i.i.d. shocks. A smooth process for news is consistent with hump-shaped
impulse response functions and is able to produce positive comovement in macroeconomic
aggregates in response to news shocks. Moreover, news shocks with temporal correlation
are easily motivated. Agents learn about changes in technology and fiscal policy in a more
gradual manner. News about technological advancements or future changes in tax rates
received today will most likely be correlated with the information about these objects that
arrives next quarter.

To be clear, this paper is not advocating one news process over another. Neither is it
arguing that news shocks should replace commonly used frictions and propagation mech-
anisms. We are arguing, however, that the news generating process should be subject to
the same constructive criticism that has helped shape the development of modern macroe-
conomic DSGE models. Just as in the development of structural changes to DSGE models,

data should be the deciding factor in choosing among alternative news processes.

26



REFERENCES

BARsSKY, R., anp E. Smus (2008): “Information Shocks, Animal Spirits, and the Meaning

of Innovations in Consumer Confidence,” University of Michigan Working Paper.

BEAUDRY, P., anD F. PORTIER (2004a): “An exploration into Pigou’s theory of cycles,”
Journal of Monetary Economics, 51(6), 1183-1216.

BEAUDRY, P., anp F. PORTIER (2004b): “An Exploration into Pigou’s Theory of Cycles,”
Journal of Monetary Economics, 51(6), 1183-1216.

(2006): “Stock Prices, News, and Economic Fluctuations,” American Economic
Review, 96(4), 1293-1307.

BEVERIDGE, W. H. (1909): Unemployment: A Problem of Industry. Longmans Green,

London.

BURNSIDE, C., M. EICHENBAUM, AND J. D. M. FISHER (2004): “Assessing the Effects of
Fiscal Shocks,” Journal of Economic Theory, 115(1), 89-117.

CHRISTIANO, L., C. ILuT, R. MOoTTO, AND M. ROSTAGNO (2008): “Monetary Policy and
Stock Market Boom-Bust Cycles,” Working Paper No. 955, European Central Bank.

CHRISTIANO, L. J., M. EicHENBAUM, anD C. L. EvANs (2005): “Nominal Rigidities

and the Dynamic Effects of a Shock to Monetary Policy,” Journal of Political Economy,
113(1), 1-45.

COCHRANE, J. H. (1994): “Shocks,” Carneige-Rochester Conference Series on Public Pol-
ey, 41, 295-364.

Davis, J. (2007): “News and the Term Structure in General Equilibrium,” Northwestern
University Working Paper.

FuJsiwaraA, 1., Y. HIROSE, AND M. SHINTANI (2008): “Can News Be a Major Source of

Aggregate Fluctuations? A Bayesian DSGE Approach,” Bank of Japan Discussion Paper
Series 2008-E-16.

GEROSKI, P. A. (2000): “Models of Technology Diffusion,” Research Policy, 29(4-5), 603~
625.

GRANGER, C. W. J. (1966): “The Typical Spectral Shape of an Economic Variable,”
Econometrica, 34(1), 150-161.

27



GREENWOOD, J., Z. HERcOWITZ, AND G. W. HUFFMAN (1988): “Investment, Capacity
Utilization, and the Real Business Cycle,” American Economic Review, 78(3), 402—-417.

GRILICHES, Z. (1957): “An Exploration in the Economics of Technological Change,” Econo-
metrica, 25(4).

Harr, R. E. (1971): “The Dynamic Effects of Fiscal Policy in an Economy with Foresight,”
Review of Economic Studies, 38(2), 229-244.

JAIMOVICH, N.; AND S. REBELO (2009): “Can News About the Future Drive the Business
Cycle?,” American Economic Review, 99(4), 1097-1118.

JUSTINIANO, A., G. E. PRIMICERI, AND A. TAMBALOTTI (2008): “Investment Shocks and

the Relative Price of Investment,” Manuscript, Northwestern University.

KaANO, T., anp J. NASON (2009): “Business Cycle Implications of Internal Consumption
Habit for New Keynesian Models,” Federal Reserve Bank of Atlanta Working Paper.

KinGg, R. G., C. I. PLOSSER, aNnD S. T. REBELO (1988): “Production, Growth, and
Business Cycles: 1. The Basic Neoclassical Model,” Journal of Monetary Economics,
21(March/May), 195-232.

KRIWOLUZKY, A. (2009): “Pre-Announcement and Timing—The Effects of a Government
Expenditure Shock,” Max Weber Progamme MWP 2009/38.

LEEPER, E. M. (1989): “Policy Rules, Information, and Fiscal Effects in a 'Ricardian’

Model,” Federal Reserve Board, International Finance Discussion Paper No. 360.

LEEPER, E. M., T. B. WALKER, AND S.-C. S. YANG (2008): “Fiscal Foresight: Analytics
and Econometrics,” NBER Working Paper No. 14028.

——— (2009): “Fiscal Foresight and Information Flows,” NBER Working Paper No. 14630.

MANSFIELD, E. (1989): “Industrial Robots in Japan and the USA,” Research Policy, 18,
183-192.

MERTENS, K., AnD M. RAVN (2008): “The Aggregate Effects of Anticipated and Unantic-
ipated U.S. Tax Policy Shocks: Theory and Empirical Evidence,” EUI Working Papers,
ECO 2008/05.

——— (2009): “Understanding the Aggregate Effects of Anticipated and Unanticipated

Tax Policy Shocks,” Manuscript, European University Institute.

28



Picou, A. (1927): Industrial Fluctuations. MacMillan, London.

POTERBA, J. M. (1988): “Are Consumer Forward Looking? Evidence from Fiscal Experi-

ments,” American Economic Review Papers and Proceedings, 78(2), 413-418.

PrescorT, E. C. (1986): “Theory Ahead of Business Cycle Measurement,” Carneige-
Rochester Conference Series on Public Policy, pp. 11-44.

RAMEY, V. A. (2009): “Identifying Government Spending Shocks: It’s All in the Timing,”

Manuscript, University of California, San Diego.

RAMEY, V. A.; AND M. D. SHAPIRO (1998): “Costly Capital Reallocation and the Effects of
Government Spending,” in Carneige-Rochester Conference Series on Public Policy, vol. 48
of Carnegie-Rochester Conference Series on Public Policy, pp. 145-194. North-Holland.

RoGERs, E. M. (2003): Diffusion of Innovations. Free-Press, New York, fifth edn.

ROTEMBERG, J. (2003): “Stochastic Technical Progress, Smooth Trends, and Nearly Dis-
tinct Business Cycles,” The American Economic Review, 93(5), 1543-1559.

SARGENT, T. J. (1981): “Interpreting Economic Time Series,” Journal of Political Econ-
omy, 89(2), 213-248.

SCHMITT-GROHE, S., AND M. URIBE (2008): “What’s ‘News’ in Business Cycles?,” NBER
Working Paper No. 14215.

——— (2010): “What’s ‘News’ in Business Cycles?,” Columbia University Working Paper.

WHITEMAN, C. H. (1983): Linear Rational Expectations Models: A User’s Guide. Univer-

sity of Minnesota Press, Minneapolis.

YANG, S.-C. S. (2005): “Quantifying Tax Effects Under Policy Foresight,” Journal of
Monetary Economics, 52(8), 1557-1568.

——— (2008): “A Chronology of Postwar U.S. Federal Income Tax Policy,” CAEPR
Working Paper No. 2007-021.

29



	Introduction
	Analytical Example
	Model
	Information & Solution

	Empirical Aspects of Information Flows
	Equilibrium Dynamics
	Two News Processes
	Economic Interpretation
	Generalization and Dynamic Impact


	Schmitt-Grohé-Uribe Model
	Model Details
	Information Flows
	Solution and Calibration
	Information Flows, Propagation, and Comovement

	Concluding Remarks

