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ABSTRACT

This paper estimates a dynamic stochastic general equitibfDSGE) model that fea-
tures agents’ information stickiness as well as nominatitigs. Based on the estimated
DSGE model, the article studies how (in)consistent sunisgigteement on output is with
the prediction of sticky information models, as well as thportance of inattentive agents
in accounting for macroeconomic aggregates. Two main fgedemerge. First, firms update
information quite frequently, while consumers and worlaessubject to a substantial amount
of information rigidity. Inattentive consumers and workeurn out to be crucial modeling
features in enhancing the model’s fit to the data. Second stabksh a U-shape relationship
of professional forecasters’ disagreement against owffmyith, coherent with the prediction
of sticky information models. Survey disagreement tendgstoboth in booms and recessions,
rather than being countercyclical. We also document ecieléhat the arrival of new infor-
mation measured by forecast revision, regardless of its, glgves up disagreement due to
inattentive forecasters. These findings have an implicatiat survey disagreement may be
an inappropriate measure for macroeconomic uncertainty.
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1 INTRODUCTION

Ever since the pioneer work dflankiw and Reis(2002, a recent empirical literature has ex-
amined the presence of “sticky information” on survey dakaseries of papers by Coibion and
GorodnichenkoZ012a20120 explore the critical contribution of sticky information explaining
forecast errors and disagreement in the survey-measumedstries. In a similar veiindrade
and Le Bihan(2013 andDovern et al(2014) inspect whether the inflation or output predictions
from sticky information models are consistent with survesetasts.

In recent years, disagreement from the Survey of Profeakkorecasters (SPF) has received
more attention in understanding business cycle dynamicgrofinent exercise is to use the
survey disagreement as a proxy for macroeconomic uncgr{aee, for exampleBachmann et al.
(2013], which impacts crucially on the business cydBidom (2009]. One of the justifications
for these applications is that survey-measured disagneeabeut GDP exhibits a countercyclical
pattern. This, however, seems at odds with a perspectiveckif/snformation models, in which
the model-implied measure of disagreement about outfjigt, has a form of
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where*t € [0, 1] is the degree of information stickiness affd denotes the model-based average
forecast of current output defined #8 = (1 — %) ;2 ,(v*)*E;_Y:.! By construction, the
measure inJ) is perfectly symmetric with respect to the performanceheféconomy. If positive
and negative economic outcomes are equally plausible witas magnitude, disagreement is
unlikely to be countercyclical as it rises both in booms awkssions.

The article uses Bayesian methods to estimate and evaluatig¢ended New Keynesian DSGE
model that incorporates inattentive private agents andimaimgidities. Based on the estimated
DSGE model, we study how (in)consistent survey disagreememutput is with the prediction
of sticky information models, as well as the importance @ittentive agents in accounting for
macroeconomic aggregates. In the model, consumers, vgokai firms update their information
sets in a sluggish manner aN&nkiw and Reig2002, while only a fraction of firms and workers
are allowed to adjust their prices and wages in a given pemaltkr the monopolistically compet-
itive goods and labor markets, respectively. The dynamidhe model variables are driven by
technology, preference, wage markup, and monetary pdfiogks. We estimate the model using
U.S. quarterly data ranged from 1954:Q3 to 2008:Q4. To tls t®keour knowledge, this article
is the first that estimates a DSGE model associated with nédhnhation and nominal rigidities,
based on full-information maximum likelihood methads.

This paper comprises two parts. In the first part, we estinte@ddSGE model to assess the
practical consequences of information and nominal rigadifor the dynamics of the model. Sev-
eral findings emerge. Above all, the degree of informatiackstess varies considerably across
the agents. Firms update information quite frequentlylevbonsumers and workers are subject
to a substantial amount of information rigidity. Consedlgmattentive consumers and workers
turn out to be crucial modeling features in enhancing thedgess-of-fit of the model, while the

1SeeMankiw et al.(2004) for the derivation in detail.
2Carrillo (2012 estimates a DSGE model with the both rigidities by emplgyrminimum distance estimator, but
reports that the key parameters for nominal and informatgidities are not identified by the estimation technique.
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contribution of inattentive firms to inflation dynamics idatvely limited. Notice that the esti-
mated degrees of sticky information of consumers and firm$aradly consistent with the exiting
survey and microeconomic evidence agCarroll (2003 and Anderson et al(2013. Regarding
price and wage inflation dynamics, our finding emphasizesdleeof price and wage rigidities
over information stickiness of firms and workers.

In the second, more substantive part, we evaluate emgyricalv survey disagreement is re-
lated to business cycles through the lens of the sticky mé&bion framework. Interestingly, our
results demonstrate that the cyclical property of surveaglieement is consistent with the pre-
diction of sticky information models. The model-impliedsdgreements of each agent exhibit a
U-shaped pattern against output growth, which approxisntite current economic performance.
This pattern is confirmed by the Nadaraya-Watson kerneeesjpn as well as by the quadratic re-
gression. The U-shaped is also observed in the SPF disagnéemcurrent output, characterizing
a nonlinearity between survey disagreement and businessscyin particular, the U-shape rela-
tionship emerged from the quadratic regression illussréttat survey disagreement is associated
negatively with output growth, but positively with its sqad term. This implies that the negative
correlation between survey disagreement and output groathbe viewed as a consequence of
information rigidity rather than advocating its counterioyal nature.

This finding has an implication on the ongoing debate abowdtidr survey disagreement is
a good proxy for macroeconomic uncertainty along with thiatidy of stock market returns, as
well as with the dispersion of stock returns and firms’ eagsifLahiri and Shend2010, Jurado
etal.(2015]. Our empirical results suggest that survey disagreemetbe an inappropriate mea-
sure for uncertainty due to two reasons. First, the obsddveldape attenuates the countercyclical
pattern in disagreement. In a sharp contrast, the two wmngrtmeasures often employed in the
existing literature—the stock market volatility serieBloom (2009 and uncertainty measure by
Jurado et al(2015—tend to be negatively related to output growth, as the &pshs not observed
with these measures. This finding indicates that the unogrtaeasures entail an evident degree
of countercyclicality, while survey disagreement does not

Second, high disagreement observed from the SPF can oftarctwesequence of agents’ in-
frequent information updating rather than an increase aertainty. To be robust, we additionally
investigate whether survey disagreement can be predigtagénts’ forecast revision associated
with the arrival of new information. If only a fraction of ages update their information set at
every period, disagreement can be elevated due to the otteswtdated information. Therefore,
agents’ forecast revision on the economic activity has geeatory power for the fluctuations in
disagreement. We find that forecast revision is a substainivar of survey disagreement, whereas
its role for the fluctuations in the Bloom'’s stock market vty series and uncertainty measure
by Jurado et al(2015 is rather insignificant.

2 THE MODEL ECONOMY

In the article, we employ a model in which firms and workerssargject to information rigidity
and set prices/wages infrequently in the monopolisticatlgnpetitive goods and labor markets,
respectively. Households often choose the optimal leveloosumption and bond holding with
outdated information due to costs of updating informatidhe production sector consists of two
parts: a representative final goods producer and interfreed@ods producers. The labor sector



also has two types of agents: the labor aggregator and veorRére labor aggregator purchases
and combines differentiated labor services provided bykets;, and sell each unit of labor to
intermediate goods producers.

2.1 HouseHoLDs The economy is endowed with a continuum of households, artuleause-
hold consists of a consumeére [0, 1] and a workerj € [0, 1], as inCarrillo (2012. Each worker
supplies a differentiated labor service and sets its wage rmonopolistically competitive labor
market. The consumer maximizes its objective function eeffias

= 1 1
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whereCy;, J;, By, P, andIl; denote the level of consumption, bond price, amount of bonds
purchased, aggregate price level, and real profit formnmeliate goods producers, respectively.

The price of bond is defined ak = exp(Tl)(lJrzt) where-¢ denotes a risk premium shock ahd

is the risk-free interest rate. We interpeétas a demand shock given that the price of bond has an
inverse relationship with the risk premium shoek;. N;; is the amount of labor supplied to the
labor aggregator at the wage ratg;.

The households’ optimality conditions imply
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whereA; is the marginal utility of consumption. Log-linearizing)(yields the standard IS curve
given by

At = EtAt+1 + <gt — By — 6?) (5)

where a hat () denotes log deviation from steady state dnd= —oC?. #, andC; denote the
inflation rate and the optimal level of consumption condi@ibon information available at time
respectively. The demand shock follows an AR(1) procéss; pye/ | + ef, with e/ ~ N(0,07).
We assume that only a fraction of consumeérs;, ~;*, are able to update their information set,

following Mankiw and Reig2007). Then the aggregate level of consumption is determined by
conditional expectations of the optimal plan of each cormu@*, given the information set in
periodt—k wherek € [0 oo] as follows:

Co=(1=%) ) (W)FEC; (6)

k=0

The aggregate level of consumption is determined by theigiestioptimal level of consumption
based on information in periddk, where an integek € [0, oc].2 It always holds tha€, = C; un-
der full information, but not under the presence of stickpimation. Equation) shows that, due

Theoreticallyk € [0, K] whereK — oo. In practice, however, we choo$e = 15 given that this value is large
enough for the weight o&;_,,C}' to converge to zero. We maintain this emprical strategyterdther agents’ sticky
information parameters.



to infrequent information acquisition, consumers oftehttarespond to macroeconomic shocks
immediately. The delayed response of consumers to maanoedo shocks produces persistent
dynamics of aggregate consumption. In this regard, stinkyrimation models have the ability
to generate output persistence without relyingagikhocpropagation mechanisms, such as habit
formation in consumption.

2.2 THE LABOR SECTOR The representative labor aggregator purcha@égst a given wage
W; and combines a continuum of differentiated labor servisasgia CES technology:

! th w .
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whereL (N;;/N;) = (N, /Nt) —b/er anddy’ is the time-varying elasticity of substitution across
differentiated labor services. The labor aggregator selth unit of labor to firm € [0, 1] at the
wage ratdV,. Each worker provides a differentiated labor service ansl isg wage in a monop-
olistically competitive labor market. The optimal wageerad derived by solving the following
objective function

E, Z(awﬁ)swws [thX;?U/PtJrs - MRSjtJrs] th+s (8)
s=0

subject to the labor demand curvg;, s = Nt+5L’* (”;(,; ) which is obtained from the zero

profit condition of the labor aggregator. MRSlenotes the marginal rate of substitution between
consumption and labor hours in periodVorkers receive a random signal of wage adjustment with
probability «,, every period. Workers who fail to receive the signal upda&rtwages according
to

Witrs = X{Wi 9

where X = 7°. The steady state inflation rate is assumed to be one. Thaalptate of wage
then can be written as

W — Ly Zs o( @) s Njers (11”) MRS;4 ¢
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wherepy’ = 9;{?3 is the time-varying wage markup.

Combining the log-linearized equation af) andM RS, ,— MRSy, = —nf* (th - WHS>
leads to

(10)
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WhereW* Wt*, wy = =W, - P, and¢, = W Note that workers choose the same wage rate
in equilibrlum The log-deviation of;” from its steady state is defined as a Wage markup shock,
e, which follows an AR(1) process given by = p,e;” , + e with e’ ~ N(0, o2). The Calvo
scheme applied to both staggered price contracts as welf@snation updating implies that the
dynamics of the aggregate wage rate evolve according t@thefl motion

VAVt =(1- O‘w)VAVtSi + aw(Wt—l) (12)
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where W' = (1 — 43) 300 () E,_,W;. We assume that workers get a random signal of
updating information with probability: in a given period. We further assume that the event of
updating information is independent of the timing of pricgustment. In this setting, the weighted
average of newly set wages based on information sets ofustime periods plays a crucial role
in determining wage inflation. To confirm this point, reagary (12) results in

w = 10 (G i) (13)

Qo

Using W' = (1 — ) 30 (7)) E,_xW; and an identity equationy, = W, ; + (1 —
Yo Wi+ 751 (W, — W, 1), we demonstrate that the deviation of the average fore¢#se¢ optimal
wage rate}V*, from the aggregate wage rate evolves according to the faiplaw of motion

Wit =Wy =(1—93) <Wt* - Wt) +70 (Wf_i1 - Wt,1>
. > . o (14)
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Combining and rearrangind.1), (13), and (4) yield
o (=)l =33 { S
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andH}" = o, SEH . + (1 — oy, ) [&UA (I\WR\St —wy + e;") + w}”] This equation reveals that
a quasi-change in wage inflation is determined by currentfatode values of wage inflation, the

wage markup shock, and the gap betwtRS, andw;. The law of motion of/;” can be written
as

w w (1_04”41)(1_7512) VTaYs AT w ~w
T = BB + [(1 — awh)ew (MRSt — @ e ) n awﬁEtth] (16)

Rearranging16) yields an analytical expression that governs wage inftadignamics, which
is given by

~w awﬁ ELAw + Oéuﬂ/fﬂi ~w
¥ = . T . T
¢ ay + 31 — auy + a2 5) s Qy + Y31 — vy + a20) =1
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w) MRS, — " w) 17
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Equation (7) shows that wage inflation is determined by expected wagaiofi and lagged wage

inflation. Staggered wage contracts and information upgdatgether generate the lagged wage
inflation term. Wage inflation expectations appear as a cuesece of infrequent wage adjustment
and it plays a crucial role in determining the dynamics ofatifin. The absence of one of those
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frictions eliminates the lagged wage inflation term from tWi@ge Phillips curve. The present
discounted value of the gap betwe@ﬁe\st andw; as well as future wage inflation conditional on
information sets of various vintages account for wage imftatlynamics.

Before proceeding, it is worth mentioning that the modelsiesth the standard New Keyne-
sian wage Phillips curve and sticky information Phillips\@ias a special case. Restricting the
parametery:’ to zero leads to the standard wage Phillips curve given by

(1 —aw)(d — awf)

gy

i = BB, + & (MRS, — i + ) (18)

Whenea,, = 0, the model collapses into the sticky information wage Rpslicurve described by

[e.9]

]. - —_—
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E = (19)

Nesting the two competing models as a special case, a stdente of models combining wage
and information rigidities is to facilitate evaluationstbe relative importance of each friction in a
general equilibrium setup.

2.3 HNAL GooDsSPRODUCING FIRM The representative final-goods producer purchases inter-
mediate goodsy;;, and transforms it into a final goodl;, using the production function proposed

by Kimball (1995
1
/G Yigo ) di =1 (20)
0 Y

where the production functioy’ has the form established Dotsey and King2005 andLevin

et al.(2008 as R
Y;t (b zt ¢
() -rtlod] -] e

where¢p = [ep(l(%w’f} andG(1) = 1. The parametef” governs the price elasticity of demand,

whereas the parameterdetermines the degree of curvature of the demand curve faceder-
mediate goods producers. When= 0, the demand curve collapses into a standard Dixit-Stiglitz
aggregator that has the constant price elasticity of dema@he final goods producer solves the

following problem
1 1 Y.
PY, — / PyYidi + )\, {1 — / G (—”; ep,zp) dz} (22)
0 0 Y;f

where)\; is the Lagrange Multiplier associated with the Kimball aggator. The zero profit con-
dition of the final goods producer leads to

P
:nGlfﬁn] (23)

wherer; = fo “G’ (’%, Gp,w> di andG’~! is the inverse function of.
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2.4 INTERMEDIATE GOODSPRODUCING FIRMS The intermediate goods producer maximizes
its profit given by
Et(apﬁ)s@ﬂrs [Pti Mczt—i—s] it+s (24)

subject to the demand curvg, ., = Y, .G’} ( ;XS rt+s> The Calvo parameter, determines

the probability of the firms’ receiving a random signal ofgariadjustment. And*y,, , is the
stochastic discount factor. Firms that cannot optimaljusitprices index their prices to the steady
state inflation rate according to

-Pit—l—s — itXfa (25)

whereX? = 7*. The optimality condition for the intermediate goods-proithg firms is given by

o0 G,
By Y (0p8)"resYies {PitXf + (PaX! = MCiry) e | =0 (26)
s=0
The optimal price can be written as
P = i Y 0(apB) iy s Yiers [(€rrs) MCiry s 27)
T B Y (B s Yirrs [(€rss — 1) X7
wheree, = —£i gYZf = —z%. Notice thate = -&, = m — 0 at the steady state.

Firms that have a chance to adjust prices choose the sange ftic= P;. Intermediate goods
are produced using a production function that takes the fafrivj;, = exp(at)N;;, whereaq; is a
technology shock that follows an AR(1) process= p,a;_1 + €%, with e ~ N(0, o2).

Log-linearizing @7) and combining it with\/ C'y; s = MC, + - [Rt — IA%H} give rise
to the dynamics of the optimal price that has the form of

Py =(1-ap) Z(apﬁ)kEt (fpmctJrk + Pt+k‘) (28)
k=0
where P = P, miciys = MChyy — Piys, &, = m ¢, = —-%, andw, = —2-1. Once

information is updated according to the Calvo scheme, tlgemte prlce level is descrlbed by
P=(1—-a,)P"+a,P, (29)

wherePs’ = (1 — V) D po (VN By Pr. The aggregate price level is determined by the optimal
price conditional on the mformatlon set in peribd k& where an integek € [0, oo].

Analogously to the derivation of the wage Phillips curvegrranging 28) and @9) with the
term J! defined below yields

(1—ap)(1 =)

JP = a,BE,J" A 1- i Ed 30
t O[pﬁ tYt41 + ap + ,y;z(l . p) [( apﬂ)gpmct + OZPB tﬂ-t"‘l] ( )

A apyst ~ 11—« __ _si st 00 st
Whel’le = Ty — W’g*aﬁ)ﬁtil — WMG?, G? = ’yp (1 — "yp ) E k:O(ﬂYp )kEt,k,1 (Hf),



andH/{ = a,fEH}, + (1 — a,,8) [§,Amc, + 7). The Phillips curve can be written as

A apﬁ A O[pﬂYp A
m = A B+
t tihi41 p+,y;z(1_ap+a26)

o + (1 — ap + a2p)
(1 _V;i)(l_ap)(l_apﬂ)fp 1 —a P
0 4 — E.GP
- WM+%+ﬁm—%+%®«%(WMQM
(31)

a, + ”y;i(l —a,+ 0412)6)

The model implies that inflation is determined by expectdthiion, lagged inflation, and real
marginal cost, as in the hybrid New Keynesian Phillips cuiiee dynamics of inflation also de-
pends on predictions of a change in real marginal cost aratimfl based on past information sets.
The termGY shows that, in contrast to the purely sticky information elqutoposed byankiw
and Reig2002), predicted future inflation and real marginal costs basegast information sets
play a crucial role in determining inflation due to the presseaf price rigidity.

The model nests both the New Keynesian Phillips curve andtibky information Phillips
curve proposed biylankiw and Reig2002 as a special case. Whe/gf = 0, the model collapses
into the New Keynesian Phillips curve

Ty = BB + (1~ )1 - apﬁ)fpmct (32)

Qp

Whena, = 0, the dynamics of inflation is described by the sticky infotima Phillips curve
proposed byMankiw and Reig2002 as follows

N .
Ty = fys’t fpmct + 1 — Z Et k—1 prmct —+ 7Tt) (33)
p k=0

Figure 1 shows the properties of the price Phillips curve describgd3d). It displays that
the introduction of sticky information into the Calvo ecompleads to a decline in the coefficient
on inflation expectations and an increase in the one on lagdkdion. Both information and
price rigidities reduce the coefficient on real marginalt@sce price and information rigidities
make firms less responsive to a change in real marginal cheselproperties of the price Phillips
curve also appear in the IS curve as well as the wage Phillipg&ec The presence of information
stickiness reduces the role of expectations in determimiodel variables and makes each variable
less sensitive to changes in its driving force.

2.5 MONETARY PoLIcY The monetary authority sets the interest rate in responaehange
in inflation and output gap with interest rate smoothing, swarized by

= P+ (1= p) [am +a, (Y, — V)] +em (34)
wheree” = p,e™, + e™ with e” ~ N (0, ¢2). The output gap is defined as the deviation of

actual output from the level of outplﬁ;f, that would prevail when prices and wage are flexible
and agents have full information about macroeconomic bt



3 INFERENCE

3.1 RRIOR DISTRIBUTIONS We calibrate several parameters that are difficult to idgftom

the data. The discount factg?, is set to 0.99, which implies an annual steady-state réaitast
rate of 4 percent. We assume that the parametequals 0.75. The steady state price and wage
markupsg? /(0P — 1) andg™ /(6" — 1), are set to 0.20 and 0.05, implying ti#&tis 6 andd® is 21.
These are the values usedGhristiano et al(2005. The parametey that determines the degree
of curvature of the demand curve is set to be -5, followivigodford(2003.

The rest of the model parameters are estimated using Bayiesgsence methods to construct
the parameters’ posterior distribution, which integrakeslikelihood function with prior informa-
tion (seeAn and Schorfheid€2007) for a survey). In doing so, our priors are set to be similar to
those inSmets and Woutel@007), as summarized in Columns 3 through 4 in Tahl@ he prior
distribution of risk aversiong, is a Gamma distribution with mean 1.5 and standard devi&tid8,
whereas that of the inverse of the Frisch elasticity of lahpfollows a Gamma distribution with
mean 2 and standard deviation 0.75. We assume Beta digirnibdor the information, price, and
wage stickiness parameterg’( v, W;i, a,, anda,,) with a mean of 0.5 and standard deviation
of 0.1. The monetary policy rule AR(1) parametgr,is assumed to have a Beta prior of mean
0.75 and standard deviation 0.1. The monetary policy reado inflation,a,, follows a Normal
distribution with a mean of 1.5 and standard deviation ob60vihile its output gap parametet,,
is assumed to have a Gamma distribution of mean 0.13 andssthddviation 0.1.

The remaining prior distributions are identical to thoseSmets and Wouter&@007). The
AR(1) parameters for the shocks are assumed to follow a Beti@bodition with a mean of 0.5 and
standard deviation of 0.2. An inverse gamma distributiath@imean of 0.1 and standard deviation
of 2 is given to the shock standard deviation parameters.

3.2 ESTIMATION PROCEDURE This paper uses U.S. quarterly data on output, price inflatio
rate, wage inflation rate, and nominal interest rate from4iQ3 to 2008:Q4 as observable vari-
ables. We take the first-difference of logarithms of realqagita output, while nominal variables

(price inflation, wage inflation, and interest rate) aretdas deviations from their sample mean.
AppendixA provides a detailed description of the data.

As a first step for the estimation procedure, the log-lirestisystem of the DSGE model
presented in Sectiodis solved by Sims’sZ002 gensysalgorithm?# We then use the Sims opti-
mization routinecsminwelto maximize the log posterior function, which combines thens and
the likelihood of the data. Finally, the random walk Metrbgdastings (MH) algorithm simu-
lates 11,000 draws, with the first 1,000 used as a burn-ingemd every 20th thinned, leaving a
sample size of 500.

4 ESTIMATION RESULTS

4.1 POSTERIORESTIMATES The last two columns of Tablé report the mean and 90th per-
centiles from the posterior distributions. Overall, theadseems to be informative in identifying
the parameters of the baseline model as the difference bptite prior and posterior densities
exhibits. Our estimates of both the risk aversioi) &énd inverse of the Frisch elasticity of labor

4 The companion estimation appendix details the descritidhe entire log-linearized system.



supply ;) parameters have the means of 2.62 and 2.22, respectiveigeTlestimates are slightly
larger than the values provided8mets and Woutei(2007).

The posterior estimates indicate that information stieksis present across all agents as the
sticky information parameters are estimated to be away #tern. The sticky information param-
eter of consumersy”, is estimated to be 0.74, implying that households updaie ithformation
sets about once a year on average. This estimate is consisterCarroll (2003, who demon-
strates that households update their expectations rougidg a year on average using survey
inflation and unemployment expectations from Michigan’s®y Research Center. The posterior
mean estimate of the sticky information parameter of warkeyf, is 0.55, indicating that work-
ers update their information about every 6 months. The @egiérms’ information stickiness is
relatively lower than that of the other agents. The postariean of the sticky information pa-
rameter of firms,y;;i, Is estimated to be 0.13, which implies that firms updater ildormation
sets every 3.4 montisAlthough being significant different from zero, our estigmof the firms’
sticky information parameter are relatively lower thangtof consumers and workers. This indi-
cates that firms are less inattentive to macroeconomic shibek the other agents, which can be
closely linked to the finding byAnderson et al(2013. They document evidence that regular prices
that exhibit nominal rigidity are strongly responsive t@eomic shocks, whereas temporary sale
prices are unresponsive since they follow “sticky planseéhoe and Midrigar{2012 show that
price changes associated with temporary sales are lesstampthan changes in regular price for
the monetary transmission mechanism.

Regarding the price and wage stickiness parameters, thelmastimates are consistent with
those in the existing literature. The posterior mean esérofithe price stickiness parametey,
is 0.72, which indicate that firms reset their prices apprately every 11 months. This model-
implied frequency of price adjustment is compatible witk tralues obtained from retailer-level
data, as irEichenbaum et al2011). They document that reference prices, defined as “the most
often quoted price within a given time period,” are adjustaadghly once a year on average. It is
worth mentioning that the estimated degree of price rigigitmuch higher than firms’ informa-
tion stickiness. This result is consistent with the findiygHabiani et al(2006, who conclude
that firms review their prices more frequently than theiuatprice changes based on surveys of
more than 11,000 euro zone companies. The Calvo paramesgafigered wage contracts,, is
estimated to be 0.95 with the 90% interval that ranges frd8 @ 0.96.Barattieri et al(2010
study the frequency of nominal wage change using data frensthrvey of Income and Program
Participation. They find that the probability of individuaage being adjusted every quarter is be-
tween 5 and 18 percent on average. Our estimates are braadiigtent with their microeconomic
evidence.

Turning to the parameters appeared in the monetary poliey te interest rate smoothing
parameterp, is estimated to be 0.83. The mean estimate for the poligoresveness to inflation,
a,, Is slightly lower than 1.0 with the 90% interval that randiesn 0.76 to 1.21. These estimates
quite smaller than those reported in the conventional NeynkKsian DSGE literature endowed
with no sticky information assumption. Instead, our estasaare relatively close t@rphanides
(2001 andRabanal2007). Orphanideg2001) finds that the coefficient on current inflation in the

SKhan and Zhu2006 estimate a sticky information model and report that thetfom of firms updating their
information set in a given quarter ranges from one thirdst®seventh. However, the estimated degree of information
rigidity can be altered substantially once nominal rigidé introduced into the sticky information model.
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Taylor rule is about 0.8 using real-time data. Within anreated DSGE model frameworRa-
banal(2007) also obtains the estimated mean of 1.04 based on the saofeobservable variables

as this article. Finally, the parametgy, that measures policy responsiveness to output gap, has a
posterior mean of 0.02.

4.2 IMPULSE RESPONSES This section explores the properties of the baseline madsknted
in Section2. In particular, we investigate how the introduction of infation stickiness into the
standard New Keynesian DSGE model alters the dynamics ahduel variables.

The solid lines in Figur@ report the mean impulse responses to one standard desaioRks
obtained from the baseline model. In order to demonstrate ihtormation rigidity affects the
dynamics of the model variables, we also calculate impwspanses from the same model, but
with some (or all) agents’ sticky information setups turiedfd To this end, we resolve the model
by restricting the corresponding sticky information paedens to zero, while keeping all of the
other parameter estimates from the model. We consider fiffereht combinations. The dash-
dot lines with asterisks in the figure represent the impudspaonses for the no-sticky-information
counterpart (i.e.5; = 75 = 75 = 0). The remaining three combinations assume no sticky
information of each agent at a time. The dash-dot lines, -dashines with circles, and solid
lines with diamonds correspond to impulse responses urasticky information of consumers
(v = 0), firms (" = 0), and workers+{; = 0), respectively.

Several findings emerge regarding the effects of a monetdrgyshock. The baseline model
with inattentive consumers has the ability to generate aydel and hump-shaped response of
output in the face of a contractionary monetary policy shodlke underlying mechanism of
this phenomenon is straightforward. The presence of inte consumers, who cannot adjust
their consumption plans frequently, prevents output fresponding immediately to the shock. In
contrast, allowing consumers to process full-informatesds to an immediate drop in output in
response to the identical shock, as displayed in the impelsgonse generated under no sticky
information of consumers (dash-dot line). These findinggyest that the presence of inattentive
consumers serves as an internal propagation mechanismahatccount for the persistent and
gradual response of output to the shock, often captured by faamation in consumption.

The baseline model fails to generate a hump-shaped respbimgkation to a monetary policy
shock, despite the presence of the lagged inflation terneiRkillips Curve. This result arises from
the fact that the estimated sticky information parametefifms is quite low? When consumers
have full information (dash-dot lines with asterisks andigddot lines), the monetary policy shock
leads to a sharp decline in inflation, as opposed to the caegattentive consumers. Our results
indicate that inattentive consumers play an important irokeccounting for inflation persistence,
whereas inattentive firms have a relatively limited conttidn to the dynamics of inflation. The
baseline model yields a hump-shaped response of wageanfiatihe face of a monetary policy
shock. When workers are attentive (dash-dot lines withrigggeand solid lines with diamonds),
however, the model is unable to generate a delayed and dnadpanse of wage inflation to the
shock. This finding suggests that the presence of inatemtorkers is crucial in accounting for

5The finding casts doubt on the class of models integratimggysprice and information as an alternative to the
hybrid New Keynesian Phillips curveCoibion (2006 andKeen (2007 show that flexible price models with sticky
information also fail to generate a hump-shaped responiséation to a monetary policy shock using a DSGE model
framework.
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inertia in wage inflatiort.

Turning to the consequences of a technology shock, we firtdhlgoresence of inattentive
consumers and workers makes the equilibrium dynamics g@ub@nd wage inflation more per-
sistent. On the contrary, inflation always declines immiedlyan the face of a positive technology
shock, regardless of the presence of information stickinese immediate response of inflation to
the shock is consistent with the empirical evidence dennatest inAltig et al. (2011).8

A common feature of a positive demand shock is to raise keyaeaonomic variables. The
presence of sticky information reduces the magnitude ofrtipeilse responses to the shock. The
muted responses of output and price inflation jointly causecaease in fluctuations of the interest
rate, transmitted via the monetary policy rule as3d)(

Finally, a negative wage markup shock drives down output evilelay. The impulse responses
display that inattentiveness of workers plays a crucia noproducing the persistence of the model
variables. By contrast, the contribution of inattentivenrand consumers for a more persistent
equilibrium is relatively limited, in the wake of the wage rkap shock.

Overall, our results illuminate that information sticke#seof consumers and workers signifi-
cantly alters the dynamics of the model variables. On therdthnd, we find a relatively limited
contribution of firms’ information stickiness to the mode#quilibrium dynamics. This finding is
mainly attributable to the different degree of informatgiitkiness across the agents, captured by
the posterior estimates for these parameters.

4.3 MODEL COMPARISONS ACROSSVARIOUS STICKY INFORMATION SETUPS Having de-
lineated the effects of each information friction on the mksdequilibrium, we now access the
importance of sticky information in terms of model fit. To do, sve re-estimate the model un-
der the four different assumptions regarding agents’ {i@jdiveness considered in the previous
subsection.

Table2 summarizes the posterior mean estimates of the model pteemaad marginal likeli-
hoods for each combination of information stickindsgote that the baseline model collapses to a
standard New Keynesian DSGE model if all agents are allowdx tattentive to macroeconomic
shocks. Overall, a notable feature in model fit is that theelir@s model outperforms the full in-
formation model with price and wage rigidities with resptecthe marginal likelihood. Assuming
no sticky information of all the agents causes a substasieline in the marginal likelihood from
-850.73 t0-969.23. This finding reveals the importance of informatitokiness in enhancing
the goodness-of-fit of the model.

The individual effects of each information friction are oefed in the last three columns of
Table2. Regarding model fit, our findings indicate that informatfdotion of consumers plays
the most significant role in enhancing the model's fit to theadfa Setting+;* = 0 leads to a
substantial deterioration of the marginal likelihood frei®50.73 t0-920.61. The reduction in
the marginal likelihood is less profound for the cases incllthe assumption that either firms or

"Measures of wage inflation appear to be very volatile in Uaadwhich might attribute to a considerable amount
of measurement errors as documentediistiniano et al2013.

8In contrast, the hybrid New Keynesian Phillips curve getesra delayed response of inflation to a technology
shock within a DSGE model, as highlighted Bypor et al.(2009.

9The average log marginal density is calculated by using thee&e’s (999 modified harmonic mean estimator.

10Although we do not report here, introducing noisy inforroatiand habit formation in consumption into the
extended DSGE model does not substantially change outsesul
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workers are attentive is abolished.

Our posterior estimates display that most of the structpaaameters are insensitive to the
choice of the sticky information setups. Neverthelessietfage two notable exceptions, both of
which are associated with the presence of inattentive coassi First, the assumption regard-
ing consumers’ (in)attentiveness matters for the estisnate¢he risk aversion parameter, The
parameter estimates are relatively lower when the modeidswed with inattentive consumers,
compared to the specifications assuming attentive onesstidky information parameter of con-
sumers governs the response of output to the real intetesasahe risk aversion parameter does.
Note that an increase in either the sticky information orribk aversion parameter reduces the
response of output to the interest rate. Since the parasnplay the same role in determining
the responsiveness of output to the interest rate, the visksimn parameter is estimated to be
low if the model is endowed with inattentive consumers. $eécdhe presence of inattentive
consumers significantly alters the demand shock processnWbansumers are inattentive, the
estimates of the AR(1) coefficient for the demand shqgl diminish, whereas the standard de-
viation estimatesd,) surge. This phenomenon is in line with one of the earlierifigs of this
article, the model-generated persistence induced byystidkrmation of consumers. Abandon-
ing the sticky information assumption of consumers makesetjuilibrium output dynamics less
persistent, which is corrected through higher estimateghi® autocorrelation parameter. As the
demand shock becomes more persistent, an innovation ofesmegnitude is required to explain
the output dynamics.

5 STICKY INFORMATION AND DISAGREEMENT

One of interesting features of sticky information modelassociated with their ability to gener-
ate time-varying disagreement about macroeconomic Masgabften observed in survey data. In
recent years, disagreement has received more attentiordarstanding business cycle dynamics.
A prominent exercise is to use disagreement as a proxy foraeacnomic uncertainty [see, for
example Bachmann et al2013], which impacts crucially on the business cydédom (2009)].
Similarly, survey disagreement is also considered as aydomambiguity (Knightian uncertainty)
as inllut and Schneide(2014). One of the justifications for these applications is thavey
measured disagreement about GDP exhibits a counterdygéittarn. By analyzing survey data of
G7 countries, for instanc®overn et al(2012 demonstrate that disagreement about GDP growth
significantly expands during recessions, and is negatreddyed to output growth as well as output
gap.

Sticky information models, however, provide a slightlyfeient prediction: an arrival of a
shock, no matter whether it is positive or negative, tendisdeease disagreement on economic ac-
tivity. If positive and negative shocks are equally platesibith similar magnitude, output growth
is not likely to be negatively related to disagreement stlisagreement rises both in booms and re-
cessions. Based on a comparison between the survey-meéasurenodel-implied disagreements,
this section examines how (in)consistent survey disageeeis with the prediction of sticky in-
formation models.
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5.1 DISAGREEMENT AND BUSINESSCYCLES The model-implied measure of disagreement
about outputg’s, has a form of

K ~ 2

ot = | (1=2) D) [Bee (V= 1) (35)
k=0

wherei € [h,w,p] and f} denotes the model-based average forecast of current algfined as
fF=0—-~% Z,ﬁio(yfi)kEt_k?;. As in the previous section, we st = 15. The measure
of disagreement defined as above displays several prapeRiest of all, the degree of disagree-
ment on economic activity is determined by the sticky infatimn parameters;;i's, in the model
economy. Second, the absence of sticky information elitagthe model-implied disagreement
so that the measures;, equal zero. Third, disagreement is serially correlatatlignpersistence
is positively associated with the sticky information paedern. Finally, conditioning on &’ value,
the measure is perfectly symmetric with respect to the siginocks perturbing the economy: the
impact of a shock raising; by 1% onc? is identical to the one lowering it by the same percentage.

The upper panel of Figurg displays the time series of the SPF disagreement aboutnturre
output as well as the mean estimates for the model-implisdgieements. The figure gives
an insight on how the survey-measured and model-impliegigdeements interact with business
cycles. The overall movements of the disagreement seras sisimilar pattern: they tend to rise
prior to or during recessions, and there are frequent spiesrved during booms. Focusing on the
model-implied disagreements, their level is differenbasragents endowed with different degrees
of information rigidity. The highest disagreement in leisshssociated with consumers who face
the most severe degree of information rigidity. Firms tha subject to the least information
stickiness entail the lowest disagreement in level. Wigmag/ more frequent information updating
in a given period, the level of disagreement across agentst® decline since the fraction of
agents who agree about current economic activity rises.

The lower panel of Figur@ depicts the scatter plots of the model-implied disagreessmnong
firms, workers, and consumers against the survey disagrdeabeut current output. Based on
the correlation coefficient, the survey disagreement isentightly related to the model-implied
disagreement among firms than the other model-implied teemgents. In spite of the evidence
of comovement, however, the model-implied series are ndepity correlated with the survey-
measured one. The discrepancy may emerge from the fachtheslity current economic activity
is not fully observed by the survey respondents, whereastagéo update information perfectly
specify the status of the economy in the model.

To examine formally the countercyclical feature in the dig@ment series, we begin by con-
sidering two versions of regressions. The first group ofeegion equations relates disagreement
to the probability of recession as follows:

o} = Bo+ L1 + w (36)

1The SPF disagreement is available at the Federal ReserkeoBRhiladelphia’s website. Unlike to the theoretical
measure, however, the SPF disagreement is defined as tleesilispof the 75th and 25th percentile survey responses.

2More specifically, the discrepancy can attribute to the taforimation rigidities, not considered in this work. As
the studies by Coibion and Gorodnichen®12a 20128 make explicit, noisy information is likely to be another
source of information rigidity. Another explanation fortdiscrepancy may be time-varying information stickiness.
Using the ECB SPF dat#ndrade and Le Bihaii2013 show that the fraction of survey respondents who update
information in a given period is state-dependent.
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whereo; denotes either the survey-measured or the model-implieagdtement about current
output andp;*c is the recession probability. The use of the recession probability, instead of a
NBER recession dummy, is guided by a better fit of the regoessguation to the data. This
is partly because the recession probability tends to caphe severity of recessions, whereas a
NBER recession dummy simply indicates the binary status@ficonomy. In addition, we also
consider an extension o36) given as

of = Bo+ B1pi + Booy_y + uy. (37)

Since the sticky information mechanism allows only a fracof agents to update their information
set, disagreement depends on its own lag. For example, ifohesonomic agents are inattentive
at timet, disagreement tends not to fluctuate significantly betweérand¢, which increases the
persistence of the disagreement series. The inertialreeatands out even more sharply with seri-
ally correlated shocks. Accordingly, the autoregressvmntis designed to capture the persistence
in disagreement generated by sticky information.

The second group of regression equations posit that disagnet depends both on levels and
squares of output growth:

of = Bo + Bi(Ayp)? + Py, + uy (38)
of = Bo + Bi(Ay)? + BolAys + B307 1 + w (39)

where Ay, is output growth. Fluctuations in disagreement are driveithie agents who update
information about the contemporaneous state of the econappyoximated by output growth in
periodt. Therefore, information about a change in output is exgetiiebe a significant driver
of disagreement about current output. The inclusion of theased output growth is motivated
by the implication of sticky information models, in that teze of shocks hitting the economy
substantially governs the cross-sectional dispersiomm&chsts. In a similar veirAndrade and
Le Bihan(2013 employ the squared term to study the role of sticky infororain understanding
disagreement in the ECB SPF data.

Table 3 reports the estimation results of the regression equat@)sand @7).1* Regarding
the recessions without the autoregressive term (uppei)pémecoefficient on the recession prob-
ability is signed positive and statistically significantsd or below, regardless of the dependent
variable. Disagreement grows with increasing probabdoityecession, which is commonly ob-
served across the survey-measured and model-impliedrdesagnts. This may be interpreted as
an evidence for the countercyclical disagreement.

The countercyclical pattern carries over to the case infwtiie autoregressive term is present,
as in the lower panel of Tabl@ The estimates of; are all positive with statistical significance
at 5% or below. The autoregressive paramete) for the model-implied disagreement regression
is estimated to be 0.826 for consumers, 0.730 for workeis 0463 for firms, respectively. This
indicates that the persistence of the model-implied desargient is positively related to the degree
of inattentiveness. The estimatesiffor the SPF-based regression are 0.677 and 0.654 for current
and future output respectively, which are inbetween theahbdsed estimates associated with the
information stickiness of firms and workers.

13The recession probability is drawn from the Federal ResEoamomic Data (FRED) website.
In order to explore the sensitivity of the results, we alsovjite the estimates of the regressions using the SPF
disagreement about one-period-ahead output, insteadm@itwutput, as the regressand.
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The conclusion is almost unaltered with the second groupgreissions38) and 39), summa-
rized in Tabled. Regardless of the presence of the autoregressive comptmeestimates of the
output growth coefficient;) are all negative and statistically significant at 10% lemebelow,
characterizing an inverse relationship between disageaeand output growth. The estimates of
the autoregressive coefficierti;] are quite similar to their recession probability regresstoun-
terpart. A more notable finding, however, emerges from thedfiotents on the squared output
growth term (3;): they are all signed positive and significant at 10% levddeow. This suggests
a potential nonlinearity between disagreement and busiogdes, which is consistent with the
prediction of sticky information models. Notice thdankiw et al.(2004 document evidence on a
nonlinear relationship between disagreement about iofla&nd changes in inflation from survey
data, which is coherent with sticky information models. idalto this study, however, they report
the countercyclicality in the observed disagreement abotgut, incompatible to the presence of
sticky information. The subsequent part of this sectioruéas on how the baseline model with
inattentive agents helps account for the observed negalagonship between output growth and
disagreement.

Figure 4 depicts the scatter plots of the survey-measured and miogidied disagreements
against output growth. In each panel, we additionally gietfitted values of the Nadaraya-Watson
kernel regression (thick solid lines) and regression eqngB8) (dashed lines), together with
the mean and 1.5 standard deviation bounds of output grosalid(and dashed vertical lines,
respectively). The kernel regression is designed to egploe nature of the relationship between
disagreement measures and output growth witl poiori restriction on the functional form. As
the fitted values of the kernel regression (upper left pash@t)onstrates, the relationship between
the SPF disagreement and output growth is characterizetbesheped curve. The same U-shaped
pattern is observed in the model-implied disagreementsdasumers, workers, and firms. This
finding indicates that the U-shape pattern from the SPF theagent provides evidence in favor
of sticky information—shocks that cause a deviation of atigrowth from its steady statsther
positively or negativelgrive up disagreement. Notice that the tendency is alsaeavifiiom the
lower envelope of the observations in each panel.

Another notable finding is that the kernel fits are well apprated by the quadratic lines
associated with the regressidB], which invokes a careful interpretation of the countelcyt
disagreement in survey data. An equivalent equation for(8&fis o} = by + bo(Ay; — b3)* + uy
whereby, by, andbs are linear combinations ¢k, 5;, andg,, and all positive. Since a combination
of the positive values of, andb; results in a negative value fgk, the quadratic pattern in dis-
agreement suggests that the negative coefficient on outpwtlgis likely to be a consequence of
the presenceof sticky information. This demonstrates that the obséowadf the countercyclical
disagreement can be reconciled with sticky information ete.d

As displayed in the model-implied disagreements in Figliréhe quadratic pattern varies
across the agents. The U-shape is most evident for the ntogéed disagreement of firms (lower
right panel), and becomes more obscure as the workers’ arsdioters’ disagreement series (lower
left and upper right panels, respectively) are considefée. less evident U-shape is attributed to
the fact that disagreement is often high even when outpwtfres around its historical mean,
which emphasizes thegegreeof sticky information in shaping disagreement. In orderxplere
this issue, we start from how the model-based disagreermantasured, as ir89). The equa-
tion makes explicit that there are two sources of the perst&t of disagreement—the degree of
information stickiness and persistence of shocks convaya¢. What matters for the different
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degree of disagreements across agents is the former soureegas the effects of the latter are
automatically controlled for by fitting in the identical stiosequences regardless of agents. Then
suppose an economy endowed with agents’ inattentivenésshy a large transitory shock at
which raises disagreement as the sticky information fraonkypredicts. The dynamic effects of
the shock on disagreement hinge upon how quickly informmaisodisseminated among agents.
Under the assumption of infrequent information updatihg, ¢levated disagreement is likely to
remain high over time even though the economy gets back tmalpicompared to the case in
which agents update information more often.

In our estimated model, consumers and workers are subjaaher degree of inattentiveness
than firms. Together with these estimates, the model-idmlisagreements in Figu&confirm
the reasoning by displaying the actual (circles) and regpas39) predicted (diamonds) values: a
more severe degree of agents’ inattentiveness leads tallsggreement even when the economy
operates at its historical average. In contrast, when tgeldternv; , is absent, the fitted values
degenerate to the quadratic lines in Figdrén this case, low disagreement always corresponds to
output growth around the historical mean. The results megae that the lagged disagreement term
is the source of high disagreement during normal times. dddtiat a similar pattern is observed
from the survey-measured disagreement (first panel), whichmpelling given the estimated de-
gree of survey respondents’ inattentiveness in the egidtierature.Coibion and Gorodnichenko
(20123, for example, estimate the degree of information sticksfer the US survey respondents
to be 0.55, comparable to the workers’ information sticksm our model.

5.2 Is SURVEY DISAGREEMENT AN APPROPRIATEMEASURE OFUNCERTAINTY? The em-
pirical literature has discussed whether survey disagee¢is a good proxy for macroeconomic
uncertainty along with the volatility of stock market ratar as well as with the dispersion of stock
returns and firms’ earning&éhiri and Shend2010, Jurado et al(2015].

From a sticky information perspective, our empirical réssliggest that survey disagreement
may be an inappropriate measure for uncertainty due to tasores. First, as the observed U-shape
in Figure4 conveys, an increase in output growth above its mean camnlalsoup disagreement. It
suggests that uncertainty tends to rise when the econongrper beyond the historical average.
This attenuates the countercyclical pattern in disagreémeéhich is a necessary condition for a
variable to be a good proxy for macroeconomic uncertainty.mbeke the comparison explicit,
Figure 6 plots the two uncertainty measures frequently employedhénexisting literature—the
stock market volatility series iBloom (2009 and uncertainty measure by Jurado et &015
hereafter JLN)—against output growth, together with tliied values of the Nadaraya-Watson
kernel regression. In a sharp contrast to the SPF disagreesmees, these uncertainty measures
do not display a U-shaped pattern as they tend to be negatifelted to output growth. This
finding indicates that the Bloom and JNL measures of uncegytantail an evident degree of
countercyclicality, while survey disagreement does not.

Second, high disagreement observed from the SPF can oftendresequence of agents’ infre-
guent information updating rather than an increase in taicsy. In order to make the exposition
more precise, here we investigate whether survey disagrmeteran be predicted by agents’ fore-
cast revision associated with the arrival of new informatid only a fraction of agents update their
information set at every period, disagreement can be @édwie to the ones with outdated infor-
mation. Therefore, agents’ forecast revision on the econantivity has an explanatory power for
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the fluctuations in disagreement. We test the hypothesigtbhyng up the regressions as:

o} = Bo + Bro})_y + BaAys + B3(FiAy, — Ft_1Ayt)2 + uy (40)
of = By + Brof_1 + By + Bs(Fy Ay — Fro1Ayia) + (41)

whereF; denotes the operator averaging survey forecastsathatF; Ay, becomes the average
survey forecast of output growth. By constructidnAy; — F;,_1Ay;, is the forecast revision on
current output growth betweern1 andt. The magnitude of forecast revision is gauged by its
squared term. We consider the survey and model-impliedjceanents as well as the Bloom and
JLN measures of uncertainty fof..

Table5 summarizes the estimation results for the regressié®)sand @1). The table demon-
strates that the statistical significancedgthinges critically upon whether the regressand is a dis-
agreement series. The squared forecast revision term hasstically significant contribution, at
5% level or below, to survey or model-implied disagreemaiisut current and one-period-ahead
output. By contrast, the Bloom’s stock market volatilityise and JLN uncertainty measure do
not respond to the forecast revision, implying that newlgatpd information has no explanatory
power to the uncertainty measures.

Another perspective on whether disagreements are infldebgeorecast revisions can be
gleaned from a vector autoregression (VAR) analysis. T®ehid, we consider a VAR(2) specifi-
cation with three variables such as output growth, squarestést revision, and disagreement (or
uncertainty measures). The structural innovations ariited via a recursive ordering, assuming
that a change in output growth leads to a revision on outmyitjrforecast (i.e.f; Ay, — F; 1 Ay,)
and in turn the latter affects disagreem&nfEigure7 plots the impulse responses with their 95 per-
cent confidence intervals of the survey disagreements, iogidied disagreements, stock market
volatility, and JLN measure of uncertainty to an innovatiothe forecast revision. The survey dis-
agreements jump up in response to a rise in forecast re\asidmemain statistically different from
zero for more than 5 quarters. A similar pattern is obsereedife model-implied disagreement
of consumers and workers, who display a significant degreagaimation stickiness. Meanwhile,
the response of the firms’ disagreement to forecast revisioather short-lived due to their rel-
atively frequent information updating. The figure showsrem®re conspicuously that the stock
market volatility and JLN’s uncertainty measure do not oggpsignificantly to forecast revision
that is induced by information updating, as their 95% comftgeintervals always include zero.

6 CONCLUDING REMARKS

This paper has shown the importance of information stidsra consumers, workers, and firms
in accounting for the dynamics of macro aggregates as wa# amplications in understanding the
cyclical property of survey disagreements about econouwtivity, based on an estimated DSGE
model. The analytical solution exhibits that endowing aaional models with sticky information
alters the dynamic properties of the model variables bylaealing the relative importance of
forward-looking components. In addition, the estimateddESnodel reveals a substantial degree

15Although not included herein, we find that the results areciéfd neither by incorporating additional variables
such as inflation and the federal funds rate into the VAR(2)lehaor by changing the lags of the VAR specification.
Also, considering: Ay;+1—F—1 Ay instead ofF; Ay, — F; 1 Ay, inthe VAR system yields very similar estimates.
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of information stickiness of consumers and workers, whghn important modeling feature in
improving the goodness of fit.

The empirical implications of sticky information are cracfor understanding how survey
disagreement evolves conditional on business cycles. VWdblesh a quadratic pattern between
the SPF disagreement and output growth, which can be welhadized by sticky information
models. The data suggests only a tenuous tendency for timeroyclicality of survey disagree-
ment, raising skepticism about whether survey disagreenrenutput is an appropriate measure
of macroeconomic uncertainty.

We conclude by noting that, in this paper, we have mainly ictamed the sticky information
framework as in Mankiw and Rei2Q02 2007). Sticky information models typically posit that the
degree of information rigidity of agents is time-invariaAs Coibion and Gorodnichenk@0123
emphasize, however, state-dependent information ngeditild be another viable hypothesis, sup-
ported by the survey forecasts on economic activity. The$ Fes important implications for
understanding how information rigidity interacts with fluations in macroeconomic aggregates,
which can be crucial in accounting for the behavior of surresasured time series. Investigating
these implications would be a valuable future researchdagen
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A DATA

The model is estimated using U.S. quarterly data from 19840Q008:Q4. As irRabana(2007),
output and the corresponding price and wage indexes usedhiaih Business Sector data. De-
tailed data descriptions are as follows.

Output Growth =log(Per Capita Real GDP/Per Capita Real GDP(>1)L00,
Price Inflation =log(Price Deflator/Price Deflator(-L)}x 100,
Wage Inflation =log(Real Wage/Real Wage(-1x 100,
Nominal Interest Rate = Federal Funds Rdte

where sources of the original data are:

e Real GDP: Nonfarm Business Sector Real Output, Index 2000~Quarterly, Seasonally
Adjusted (Source: Federal Reserve Economic Data—FREESS& “OUTNFB”)

e Pop Index: Civilian Noninstitutional Population, Ages 16a¥s and Over, Seasonally Ad-
justed (Source: U.S. Department of Labor, Bureau of LabatiSics)

e Price Deflator: Nonfarm Business Sector Implicit Price Diefldndex 2009=100, Quarterly,
Seasonally Adjusted (Source: Federal Reserve EconomécBRED, Series ID “IPDNBS”)

e Real Wage: Nonfarm Business Sector Real Compensation Rey lHdex 2009=100, Quar-
terly, Seasonally Adjusted (Source: Federal Reserve Eonaridata—FRED, Series ID “COM-
PRNFB")

e Federal Funds Rate: Averages of Daily Figures, Percentr¢@oBoard of Governors of the
Federal Reserve System)
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B TABLES

Parameter Prior Posterior

Dist. Mean (Std) Mean [5%, 95%)]
o Risk Aversion G 1.5(0.38) 2.62 [1.91, 3.37]
n Inverse Frisch Elasticity G 2.0(0.75) 2.22 [1.15, 3.62]
st Sticky Info. Consumers B 0.5(0.1) 0.74 [0.64,0.84]
53 Sticky Info. Workers B 0.5(0.1) 0.55 [0.39,0.72]
W;Z' Sticky Info. Firms B 0.5(0.1) 0.13 [0.08, 0.20]
ap Price Stickiness B 0.5(0.1) 0.72 [0.65, 0.78]
Qu Wage Stickiness B 0.5(0.1) 0.95 [0.93, 0.96]
p MP Rule AR(1) B 0.75(0.1) 0.83 [0.78,0.87]
ar MP Rule Inflation N 1.5 (0.25) 0.97 [0.76, 1.21]
ay MP Rule Output Gap G 0.13(0.1) 0.02 [0.01, 0.04]
Pa Technology Shock AR(1) B 0.5(0.2) 0.95 [0.92,0.97]
om MP Shock AR(1) B 0.5(0.2) 0.25 [0.16, 0.35]
oy Demand Shock AR(1) B 0.5(0.2) 0.81 [0.74, 0.87]
Pw Wage Markup Shock AR(1) B 0.5(0.2) 0.15 [0.07,0.25]
Oa Technology Shock Std. 1G 0.1(2) 5.45 [3.62, 7.69]
om MP Shock Std. IG 0.1(2) 0.22 [0.21,0.24]
oy Demand Shock Std. 1G 0.1(2) 2.52 [1.31, 4.86]
ow Wage Markup Shock Std. 1G 0.1(2) 0.77 [0.70, 0.83]

Table 1: Prior and posterior distributions of each estimg@@ameter for the baseline model.
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Parameter Prior Posterior Mean

Dist. Mean (Std) Baseline No Sticky Info.  ~§* =0 =0 Y5 =0
(Full Info.)

o Risk Aversion G 1.5(0.38) 2.62 4.18 4.14 2.61 2.69
n Inverse Frisch Elasticity G 2.0 (0.75) 2.22 1.84 1.73 2.23 1.93
'yfli Sticky Info. Consumers B 0.5(0.1) 0.74 - — 0.73 0.67
vsb Sticky Info. Workers B 0.5(0.1) 0.55 — 0.54 — 0.53
ygi  Sticky Info. Firms B 0.5(0.1) 0.13 - 0.12 0.12 -

ap  Price Stickiness B 0.5(0.1) 0.72 0.71 0.71 0.72 0.76
a,  Wage Stickiness B 0.5(0.1) 0.95 0.96 0.95 0.95 0.95
p  MP Rule AR(1) B 0.75(0.1) 0.95 0.96 0.95 0.95 0.95
ar MP Rule Inflation N 1.5 (0.25) 0.97 0.79 0.75 0.98 0.92
ay MP Rule Output Gap G 0.13(0.1) 0.02 0.03 0.03 0.03 0.02
pa  Technology Shock AR(1) B 0.5(0.2) 0.95 0.96 0.94 0.95 0.95
pm  MP Shock AR(1) B 0.5(0.2) 0.25 0.28 0.30 0.25 0.25
py Demand Shock AR(1) B 0.5(0.2) 0.81 0.95 0.95 0.82 0.84
pw Wage Markup Shock AR(1) B 0.5(0.2) 0.15 0.12 0.14 0.14 0.14
oqa  Technology Shock Std. 1G 0.1(2) 5.45 3.89 5.51 5.56 5.47
om MP Shock Std. 1G 0.1(2) 0.22 0.23 0.23 0.22 0.22
oy Demand Shock Std. 1G 0.1(2) 2.52 0.31 0.31 2.34 1.68
ow Wage Markup Shock Std. 1G 0.1(2) 0.77 0.74 0.77 0.75 0.77
Average Log Marginal Densities -850.73 -969.23 -920.61 -886.02 -865.27

Table 2: Average log marginal densities and mean postesiimates of each estimated parameter for the various
specifications with distinct sticky information setups.
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of = Bo+ B1pie + ue

Survey-measured Disagreement Model-implied Disagreemen
SPF abouy; SPF aboul; 41 Consumers Workers Firms
51 0.271* (0.106) 0.450** (0.118) 0.729* (0.288) 0.572** (0.178) 0.214** (0.044)
R? 0.10 0.13 0.10 0.12 0.17

o} = Bo+ B1p}c + Baoy_| + ut

Survey-measured Disagreement Model-implied Disagreemen
SPF abouy; SPF aboul; 41 Consumers Workers Firms
B1 0.112* (0.047) 0.226** (0.051) 0.537** (0.125) 0.433** (0.094) 0.152** (0.038)
B 0.677** (0.056) 0.654** (0.049) 0.826** (0.037) 0.730** (0.041) 0.463** (0.073)
R? 0.53 0.53 0.74 0.60 0.36

Table 3: Estimation results for the recession probabitiyressionss; denotes either survey-measured or model-
implied disagreement about outputatp;““ denotes the recession probabilitytat The numbers in parenthesis
indicate standard errors for the corresponding coefficigtatistical significance &t10%, ** 5%, and*** 1%.

of = Bo+ B1 (Ay)® + BaAy: + ur

Survey-measured Disagreement Model-implied Disagreemen
SPF abouiy; SPF abou+1 Consumers Workers Firms
B1 0.003** (0.001) 0.004** (0.001) 0.013** (0.002) 0.012** (0.001) 0.005** (0.000)
B2 -0.024* (0.009) -0.039** (0.012) -0.069** (0.017) -0.062** (0.011) -0.028** (0.003)
R? 0.11 0.11 0.22 0.38 0.60

of = Bo + B1 (Aye)? + BaAye + Bsol_ | +

Survey-measured Disagreement Model-implied Disagreemen
SPF abouiy; SPF abou+1 Consumers Workers Firms
B1 0.00Z (0.0001) 0.002* (0.0001) 0.011** (0.001) 0.011** (0.001) 0.004** (0.000)
B2 ~0.010° (0.006) ~0.016** (0.005) ~0.063** (0.011) ~0.055** (0.008) ~0.024** (0.002)
B3 0.669** (0.053) 0.663** (0.055) 0.822** (0.027) 0.714** (0.031) 0.413** (0.055)
R? 0.53 0.51 0.87 0.85 0.75

Table 4: Estimation results for the quadratic output groretiressionssy denotes either survey-measured or model-
implied disagreement about outputaf\y, denotes output growth at The numbers in parenthesis indicate standard
errors for the corresponding coefficient. Statistical g§igance at* 10%, ** 5%, and*** 1%.
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of = B0+ Bioy_| + B2yt + B3(FsAyr — Fr_1Ay:)? + ug

Actual Series Model-implied Disagreement
SPF abouy; SPF abouty; 41 Stock market vol. JLN series Consumers Workers Firms

B1 0.678** 0.666** 0.735** 0.948** 0.833** 0.74T** 0.50T**

(0.058) (0.054) (0.066) (0.044) (0.039) (0.042) (0.073)
B2 0.002 -0.003 -0.229 —-0.005** 0.000 0.005 -0.002

(0.004) (0.006) (0.229) (0.001) (0.021) (0.018) (0.006)
B3 0.0114* 0.0154** 0.0651 -0.0004 0.0237** 0.0209** 0.0069**

(0.0051) (0.0036) (0.0906) (0.0005) (0.0091) (0.0084) 0@84)
R? 0.56 0.54 0.47 0.91 0.71 0.57 0.33

ol = Bo+ Bioy_| + BaAyr + B3(FrAysp1 — Fr—1Aye41)? + ue

Actual Series Model-implied Disagreement
SPF abouy; SPF abouty; 41 Stock market vol. JLN series Consumers Workers Firms

51 0.675** 0.658** 0.724** 0.938** 0.832** 0.740°** 0.494**

(0.058) (0.060) (0.066) (0.044) (0.041) (0.044) (0.076)
B2 0.001 -0.003 -0.186 —-0.005** 0.000 0.006 -0.002

(0.005) (0.006) (0.223) (0.001) (0.022) (0.019) (0.006)
B3 0.0154* 0.0238** 0.3020 —-0.0006 0.0463** 0.0399°* 0.0135**

(0.0076) (0.0075) (0.2401) (0.0010) (0.0162) (0.0164) 0@q@0)
R? 0.53 0.52 0.47 0.91 0.71 0.56 0.32

Table 5: Estimation results for the recession of variousroeeonomic uncertainty measureg'f on forecast revi-
sions (3 Ay; — Fy_1Ay, or FtAy.1 — Fy_1Aye11). The numbers in parenthesis indicate standard errordéor t
corresponding coefficient. Statistical significancé 0%, ** 5%, and*** 1%.
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C FIGURES

Coefficient on inflation expectations

Figure 1: Properties of the price Phillips curve under vasidegrees of sticky information of firm':;;(').
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Figure 2: Impulse response functions evaluated at the mitire osterior parameter distributions. In each panel,
the impulse response for the baseline (solid lines), modidl mo sticky information of all agents (dash-dot lines

with asterisks), model with no sticky information of consens(dash-dot lines), model with no sticky information of

workers (solid lines with diamonds), and model with no stiagkformation of firms (dash-dot lines with circles) are

reported. The x-axis measures quarters.
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SPF and Model-implied Disagreement about Current Output
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Figure 3: Upper panel] SPF survey-measured disagreement about current outpek éblid line) and mean estimates

for the model-implied disagreements by each agent (consunselid line with squares; workers: solid line with
circles; firms: thin solid line) about current output. TheFSRirvey-measured disagreement series is scaled so that its
maximum value is identical to that of the model-implied dissement of consumers. Shaded areas indicate NBER
recession dates.Lpwer panel] Scatter plots for SPF survey-measured disagreement a@porgnt output (x-axis)

and the mean estimates for the model-implied disagreerbgrdach agent (y-axis), together with the OLS predicted
values (solid lines).
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Figure 4: Scatter plots for output growth (x-axis) and «itine SPF survey-measured or the model-implied disagree-
ment about current output (y-axis). In each panel, the sdidhed, vertical solid, and vertical dashed lines indicat
the fitted values of the Nadaraya-Watson kernel regreskiantion values of3y + (1 (Ay:)* + f2Ay: based on the
estimates of the regression equatigh= 53, + (1 (Ayt)2 + B2 Ay, + ug, mean output growth rate, anids standard
deviation bounds from the mean output growth rate, respsgti
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Figure 5: Scatter plots for output growth (x-axis) and «itiive SPF survey-measured or the model-implied disagree-
ment about current output (y-axis). In each panel, theemad diamond markers indicate the actual and fitted values
of the regression equatietf = 8y + 51 (Ayt)2 + B2 Ay, + B3o_ | + uy, respectively.

29



Stock market volatility in Bloom (2009)
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Figure 6: Scatter plots for output growth (x-axis) and theiouss measures of macroeconomic uncertainty in the
existing literature (y-axis). In each panel, the solid lindicates the fitted values of the Nadaraya-Watson kernel

regression.
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