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1 Introduction

Aruoba (2008) provides robust evidence that the initial announcements of U.S. aggregate variables
are not rational forecast of revised data. In particular, final revisions of output growth and inflation
are serially correlated and they are also correlated with real time data initially released by statistical
agencies.!

This paper studies the importance of considering real time data, beside revised data, in the
analysis of DSGE models. Should revisions of real-time data be rational forecast errors, then the
arrival of revised data would not be relevant for private agents (households and firms) and policy
makers’ decisions, and then parameter estimates would be rather similar using revised, real-time
data or both together. The fact that revisions are not rational forecast errors suggests that the
analysis of DSGE models based only on revised data could be misleading for two main reasons. From
a theoretical perspective, model dynamics could be different when agents take into account that
the initial announcements are not rational forecast of revised data. From an empirical perspective,
parameter estimates could be biased.

This paper assesses the importance of real time data by estimating an augmented version of the

medium-scale New Keynesian (NK) model suggested by Smets and Wouters (2007) that considers

both revised and real-time data.? The choice of Smets and Wouters (2007) model is well motivated

!There is a long standing literature analyzing the importance of real time data in different contexts. Mankiw,
Runkle and Shapiro (1984) is a seminal paper suggesting a theoretical framework for analyzing initial announcements
of economic data and applying that framework to the money stock. Diebold and Rudebusch (1991) examine the
importance of revision process errors for the index of leading indicators. Orphanides (2001) empirically analyzes the
importance of real time data for Taylor rule estimates. Bernanke and Boivin (2003) assess the importance of real
time data in a data-rich environment analysis of monetary policy. Croushore and Evans (2006) study the importance

of real time data in VAR analyses of monetary policy.

’In a similar vein, Vdzquez, Marfa-Dolores and Londofio (2010) study the importance of real time data in the

context of the basic NK model. An important difference between the two papers is that household and firm choices



because it represents a state-of the-art model in the monetary economics literature, which builds
on Rotemberg and Woodford (1997), and Christiano, Eichenbaum and Evans (2005) models. The
augmented version of the NK model assumes that the Fed, households and firms make their decisions
taking into account real-time data available, but agents’ decisions determine revised data.

The estimation results show that parameter estimates and impulse response analysis are fairly
robust to considering real time data in addition to revised data. However, the variance decompo-
sition analysis is partially affected by considering real time data. These empirical results on the
unimportance of real time data are in line with some of the empirical evidence found by Bernanke
and Boivin (2003), and Croushore and Evans (2006). The first paper shows that the use of finally
revised (as opposed to real-time) data does not seem to matter much regarding the improvement of
forecast accuracy when using large data sets. Croushore and Evans (2006) show evidence that the
use of revised data in VAR analyses of monetary policy shocks may not be a serious limitation for
recursively identified systems.® In contrast to Orphanides (2001) who uses a reduced-form approach
to estimate Taylor-type policy rules, our empirical results show that the Taylor principle seems to
hold when estimating a medium-scale NK model with both revised and real time data.

The rest of the paper is organized as follows. Section 2 describes the extension of Smets and

Wouters (2007) model to consider both revised and real time data. Section 3 describes the data

are not affected by real-time data issues in the basic model (i.e. decisions by private agents determine the true
-revised- values of output and inflation without the need of taking into account real time data), which implies a type
of asymmetric information assumption between private agents and the central bank, which uses real time data when
implementing monetary policy. This is not the case in the medim-scale New Keynesian model analyzed in this paper.
As explained below, there are price and wage indexation rules that force firms (households), which are not able to
choose their prices (wages) optimally, to take into account real-time lagged inflation to adjust their prices (wages)

instead of revised lagged inflation.

3However, they also suggest that the use of real time data may generate some issues when dealing with simultaneous

VAR systems.



and the Bayesian estimation procedure. Section 4 discusses the estimation results. Finally, Section

5 concludes.

2 A medium-scale NK model with real-time data

This section builds on the now-standard NK model described in Smets and Wouters (2007), SW
henceforth, to accommodate the fact that the Fed, household and firm choices are based on real-time
data. More precisely, price and wage indexation rules are based on real time data on inflation avail-
able at the time of implementing these indexation rules. Similarly, we consider that the monetary
policy rule is implemented with the real-time data available.

The complete loglinearized NK model is presented in the Appendix together with a table de-
scribing parameter notation. Here, we focus on explaining how SW model can be modified to take
into account real time data on output and inflation. We start by establishing the relationship

between the initial announcements of output and inflation and their respective final revised values.

2.1 Revision processes

In the US, the initial announcements of quarterly data on real GDP and the GDP deflator are
typically made by statistical agencies with one quarter of delay.* Final revisions may take much
longer time to be released. Depending upon circumstances, final data on real GDP or inflation
may need between 2 and 12 quarters to be released. Subsequently, let us assumed the following

generating process for revised output of quarter ¢

Yt = Y1 T eV g (1)

4The Bureau of Economic Analysis (BEA) publishes statistical releases of qarterly GDP on a monthly bases.
Thus, at the end of January the BEA releases the first estimate of Q4 from last year. By the end of February, the

second estimate comes out and, finally, at the end of March (end of Q1), the agency delivers the third estimate.



where y;,,, denotes real-time output (released in quarter ¢ + 1) and revy,, ¢ denotes the revision
of output that will be announced in quarter ¢ + S. Similarly, revised inflation, 7, is determined by
the following identity

J— T iy
T = Typ01 T T€V 4G, (2)

where 77, ; denotes real-time inflation (released in quarter ¢ + 1) and revy,, g denotes the final
inflation revision that will be announced in quarter ¢ + S.

Aruoba (2008) finds that data revisions of output growth and inflation are related to the initial
announcements of both macroeconomic variables and their revisions. We follow this line of argument

to assume that revisions of output and inflation are determined by the following processes
Te”ZHS = byyYt 141 T byrTipi1 + Sgws, (3)

s _ T ‘s s
revisy s = bryYiii1 T Orr i1 + €y s (4)

These two revision processes are not intended to provide a structural characterization of the revision
processes followed by statistical agencies, but to provide a simple framework to assess whether de-
partures from the hypothesis of well-behaved revision processes (i.e. white noise revision processes)
might affect the estimates of behavioral and policy parameters. More precisely, these processes al-
low for the existence of non-zero correlations between output and inflation revisions and the initial
announcements of these variables. Moreover, the revision process shocks 5?,1: g and €§t L are as-
sumed to follow AR(1) processes, i.e. €gt+s = pyegfl’tiHs +ny, g and Eries = Pri-14-14+5 T its

where both ni’ +g and 77, ¢ are white-noise innovations.



2.2 New Keynesian Phillips curve

The separation between real-time data and final data may have an impact on pricing decisions
that take into account indexation rules.” SW (2007), and may other papers, consider that all
the firms that cannot price optimally apply an indexation rule on lagged inflation to adjust their
prices. It would lead them to use real-time inflation for price adjustment. Hence, some w firm
that would implement the indexation rule would do Py(w) = (1 + 7}_; ;) P;—1(w) accordingly to
the data-extended setup described above, whereas it did P,(w) = (1 + m¢—1)P,—1(w) in Smets and
Wouters (2007). If we adopt such real-time price indexation scheme, the loglinearized equation for

the optimal price set by firms capable of reoptimizing their prices becomes:®

pi (i) = (1 - ng) Ey Jiﬁj% (A (mctﬂ-(i) + >‘€+j> + Pt —tp él 77:+k1,t+k:) )
where pjf (i) is the log of the optimal price set by firm ¢, A > 0 is a constant parameter that depends
upon the Kimball (1995) goods market aggregator and the steady-state price mark-up.” The log
of the optimal price depends on the expectation of three factors: the log of the real marginal
costs, mce44(4), exogenous price mark-up variations, )\f 4 and the log of the aggregate price level
adjusted by the indexation rule, pi1; — ¢p Zi:l U h—1tk which, in contrast to the SW model,
considers that the indexation rule takes into account initial announcements of inflation, 7y, k1t

instead of revised inflation, my14_1. Since pi; = ps + Z{czl i1k, the following optimal relative

price (P}(i) = pi (i) — p;) obtains:

ﬁt* (i) =A (1 - ng) Ey iojogjf% (mctﬂ‘(i) + )‘?—f—j) + E iojl ngi (7Tt+j - Lpﬂ+j—17t+j) :
J= J=

Tt should be noticed that real-time data refer to the information set that come with the first three monthly

releases mentioned at the end of the Section.
The technical appendix of Smets and Wouters (2007), available at http://www.aeaweb.org/aer/data/june07/2041254 _app.pdf,

shows how the loglinear price is derived.

"More precise, A = ((¢>p - 1) ep + 1)71 where ¢, is the curvature of the Kimball aggregator and ¢, is the steady-

state price mark-up.



Since all firms choosing the optimal price face the same problem, these firms will set the same

optimal price. So the optimal price can be written as
Py - ngEtﬁt*Jrl =A(1- pr) (mey + X)) +B§pEt (71 — tpThpp1) - (5)

Calvo pricing combined with the indexation rule for prices determine, after loglinearization, that

relative optimal prices and the revised and real time inflation rates are related as follows

D¥ fp r
Py = ¢, (7715 - Lp”t—l,t) )

which can be substituted into the left-hand side of equation (5) to obtain after some algebra

(1 — Bﬁp) (1 — 6:0)
$p

T = LTy 14 — BLpEﬂF:,tH + BEimii — A pf + (1+ Bup)e?, (6)

The mark-up shock has been re-scale at e = A [%M} A} and -following the SW convention-
P

we have introduced 4 as the log deviation of the price mark-up (mec; = —pu?). Notice that when the

initial announcement and revised data coincide (i.e. real time data 7; = 77, ;) the New Keynesian

Phillips curve (6) is identical to the one obtained in SW (their equation (10)) given by

L A 1-p¢,) (1-¢
T =—2—m_q+ = Eimi1 — = ( ) ( ) pt + €. (7)
1+ By 1+ By 1+ By &p
Using equations (2)-(3), we obtain after some small algebra that®
S
Eﬂratﬂ =B |m — ﬁ%ﬂy—yyt — paEr + ﬁ“g@; 55?»] (8)
where B = Wm < 1 whenever (i) by, > 0, bzr > 0, and (ii) by, and by, share the same

sign. Substituting equation (8) into (6)

B A 1-p¢,) (11— 1+ 8
T = Liﬁﬂ;l,t + LEHHH - — (1=55) (1=¢) P+ ERa-lS el
1+ B 1+ BB 1+ BB &p 1+ Bu,B
Bi,Bby Bi,Bby Bu,B -
pBlny BBy sy, OuB s o
(1 + BepB)by, (1 + BepB)byy 1+ BB

8Proof available in a technical appendix.



Comparing equations (7) and (9), we observe that considering data revisions has four type of
effects in the NKPC specification. First, lagged inflation, m;—1, is replaced by lagged real-time
inflation, m}_,,. Second, y; has a positive influence on current inflation through its impact on
inflation revisions. Third, current inflation is also affected by the innovations of data revisions:
there is a positive impact from the inflation-revision shock, €, and a negative influence of the

output revision shock, /. Finally, the slope of the NKPC with data revisions is steeper (i.e.

A [(258)(1-¢,) A [(-Fe,)(1-¢,)
1+8.,B [ pgp = > 5 pgp 22 ) whenever B < 1.

2.3 Real wage dynamics

SW (2007) borrow the labor market with wage-setting households and sticky wages of Erceg et al.
(2000). It assumes the standard Calvo (1983)-type rigidity for wage adjustments. For non-optimal
wage adjustments households follow an indexation rule on lagged inflation, analogous to the one
described above for non-optimal price adjustments. In our extension to SW (2007), we are replacing
lagged inflation for its real-time observation to write the proportional relationship between relative
optimal wages, Wt*, and the rate of wage inflation adjusted by the indexation factor, m" — v,y 4,
as follows

* 534 w r
Wy = 1-¢, (Wt - Lwﬂtfl,t)7

where &, is the Calvo probability of not being able to set the optimal wage. In turn, the real wage
dynamic equation only departs from the one considered in the SW model in those terms related to

the indexation factor (i.e. the terms that include the indexation parameter, t,,)

wy = wiwi—1 + (1 —wy) (Bywe g1 + Eymey1) — wimg — wlBLwEtW:,t+1 +wamy_q 4 —wapy’ +e, (10)

where wy = ﬁ, Wy = ﬁ%, and wg = ﬁ [W] As expected, if m = 7y, then

equation (10) is identical to equation (13) in SW.



Noticing Eymi, 1 = B [m — ﬁ%ﬂy—yyt — p3eT 4 bax pfaf,} in (10) yields (after grouping terms)

T10,y
wy = wiwe1 + (1 —wi) (Bywgyr + Bymega) — wi (1+ BewB) 7+ wor g, —wspi” (1)
Bruw Bbrr v BuawBbyr
+w1’[1h+7byyyt + wlﬁwaPf@? - %Pi# + et

The implications of our data-revision extensions on real wage dynamics are the introduction of real-
time lagged inflation instead of lagged inflation (ﬂ:flyt replaces m;_1), the influence of current output
through its impact on inflation revisions and also the presence of both data revision innovations,

ef and 7.

2.4 DMonetary policy rule

The Taylor-type rule brings lagged inflation and lagged output, but their fully-revised observations
will not be released until period t — 1 4+ S. Therefore, we must take their rational expectation to
bring along

Ry =pRy1 + (1 - P)[TﬂEtCBWtfl + 7y (EtCBytfl - yffl)] + 553

where the superscript "CB" of the conditional expectation operator explicitly tell us that the
Central Bank information set at time t is different from the information set of private agents -firms
and households- since it only includes the initial anouncements of inflation and output, potential
output and it takes into account the possibility that revision process are not well-behaved as stated
in equation (3) and (4).” Using the identities (1) and (2) that relate final data to real-time data

leads to

_ CB CB CB CB, .y R
Ry =pRi1+(1—p)[rz By Pmi_qy+re By Previy g g +ry By Vyig g By Urev) g o) ter

Tt is assumed that potential output belongs to the information sets of households, firms and the Fed. In order
to analyze the importance of this assumption, we have also estimated the extended NK model with real time data
by removing potential output from the policy rule. The estimation results are not sensitive to this alternative

specification. These results are available from the authors upon request.



where the generating processes (3) and (4) can be inserted to yield

Ry = pRi1+(1—p) [TW(E?BW;—l,t + bﬂ’yEtCByI—l,t + bWﬂEtCBW;—l,t + EtCBEjfr—l,t—l—&-S) +

CB,r CB,r CB_r CB_m p R
7’y(Et Y1t T byy By Y14 T byr E Ti_14 T E; €t—1,t—148 — yt—l)] tE-

Dropping the rational expectation operators that are not required, recalling the AR(1) series for

innovations on data revisions, and grouping terms give
R, = oR +(1_ )[R T + R T + S—1_m + S—1_y _ p ]+R
t = plti—1 P rTy_14 yYi—1t T TnPr -8t T TyPy  Ei_gt — TylYi—1l T &
where Ry = 77 (1 4 brr) + 7ybyr and Ry = 77bry + 7y (1 4 byy)-

As pointed out by Aruoba (2008), the initial announcement of quarterly (monthly) macroeco-
nomic variables corresponding to a particular quarter (month) appears in the vintage of the next
quarter (month), roughly 45 (at least 15) days after the end of the quarter (month). There-
fore, lagged inflation, mj_,,, and output, y;_,,, directly enter in the policy rule. Moreover,
since the initial announcements might not be rational forecasts of revised data, the Fed may
take into account this feature to predict the actual revisions of the initial announcements of
inflation and output (i.e. bryyi 1 + brrmy_q, and byyy; 4 + byzmi_q 4, respectively). Further-
more, revision shocks -¢f,, ¢ and ety+s— might be persistent and then their expected values -
Eyefy g and Etef;”t +g» respectively- help to predict the revised values of inflation and output.
Taking into account inflation and output identities, equations (2)-(1), it is straightforward to
see that under this policy rule specification the Fed is assumed to react to expected revised
values of lagged inflation (7_y; + bryyi_1, + breemi_q1, + Erel 1, 145) and lagged output gap
(W14 + byyi_1g +0ynmi_1y + Bre) 11— Yi1)-

The complete model includes nine shock processes. The AR(1) technology shock ef = p, e | +

n¢, the AR(1) risk premium disturbance that shifts the demand for purchases of consumption and

10



investment goods £? = prQ,I +n?, the exogenous spending shock driven by an AR(1) process with
an extra term capturing the potential influence of technology innovations on exogenous spending
el = pyei_y +nf + pgan?, the AR(1) investment shock e} = p;e}_; +nj, the AR(1) monetary policy
shock: eff = preft| +nf', the ARMA(L,1) price mark-up shock: &f = p el | +n} — p,nl_;, the
ARMA(1,1) wage shock €} = p,ei’ | +ny’ — p,nily, the AR(1) inflation revision shock &7, , ¢ =
PrEi—11-14+5 TNirss and the AR(1) output revision shock E?’t_’_s = pyE?—l,t—l-i—S +77%”t+5. The latter
two shocks are introduced in a SW-type DSGE model to study the business cycle implications of
data revisions. Notice that model’s solutions depends on Etef’t 4 and Etegt 4 and these two values
depend on the number of periods, say S, after which there are no more revisions for each variable
other that benchmark revisions that take place occasionally and involve changing methodologies or
statistical changes such as base years. Unfortunately, this number S is not stable neither over time
nor across variables. As a compromise, we have solved and estimated the model by assuming that
on average the final revisions are obtained after six quarters (i.e. S = 6).1° The appendix displays

the complete set of equations of the model.

3 Data and estimation procedure

We estimate both models with U.S. data from the first quarter of 1983 to the first quarter of 2008.
We do not consider more recent revisions to minimize the chance of considering as final revisions
some observations that can be still revised in the future. Except for some of the last quarters

of the sample, corresponding to the 2007-08 financial crises, this period is characterized by mild

10We have also estimated the model assuming an extreme alternative value for S = 12. This value for § is
considered by Aruoba (2008) as the maximum number of periods after which there are no more revisions for each
variable, except for benchmark revisions. The estimation results are not sensitive to this alternativate value of S.

These estimation results are also available from the authors upon request.
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fluctuations (the so-called Great Moderation) of aggregate variables (see Stock and Watson, 2002,
among others). Thus, the estimation exercises do not suffer from some potential miss-specification
sources, such as parameter instability in both the private sector -for instance, Calvo probabilities
(Moreno, 2004)- and the monetary policy reactions to inflation or output. Indeed, some authors
argue that a sound monetary policy implementation is the main factor behind the low business
cycle volatility in this period (Clarida, Gali and Gertler, 1999).

Regarding the data set, we take as observable variables quarterly time series of the inflation rate,
the Federal funds rate, the log of hours worked and the log differences of the real Gross Domestic
Product (GDP), real consumption, real investment and the real wage. The rate of inflation is
obtained as the first difference of (the log of) the implicit GDP deflator, whereas the real wage is
computed as the ratio between nominal compensation per hour and the GDP price deflator. The
data were retrieved from the Federal Reserve of St. Louis (FRED2) database. In addition, we
consider real-time data on output growth and inflation as reported by the Federal Reserve Bank
of Philadelphia.!! Thus, variables displaying a long-run trend enter the estimation procedure in
log differences to extract their stationary business cycle component. In this way, we avoid the
well-known measurement error implied by standard filtering treatments. Moreover, considering the
growth rates of the initial announcement of GDP and the GDP deflator allow us to isolate our
analysis from the presence of benchmark revisions.'?

The estimation procedure also follows SW. Thus, we consider a two-step Bayesian procedure. In

the first step, the log posterior function is maximized in a way that combines the prior information

"See Croushore and Stark (2001) for the details of the real-time data set.

12More precise, the benchmark revisions for GDP and GDP deflator take place about every five years. Given our
25-year sample, the GDP growth and the inflation rates are contaminated each one with only five jumps due to
benchmark revisions. We eliminate each jump by substituting the jumping value of the corresponding variable by

the average value between the values of the variable immediately before and after the jump.
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of the parameters with the empirical likelihood of the data. In a second step, we perform the
Metropolis-Hastings algorithm to compute the posterior distribution of the parameter set.

In terms of the priors, we select the same prior distributions as SW for the estimation of the
model (see the first three columns in Tables 1A and 1B). We have also borrowed their notation for

the structural parameters.!*

4 Estimation results

Tables 1A, 1B and 1C show the estimation results obtained both using real time and revised
data together (i.e. extended model) and only revised data (i.e. SW model). More precise, these
tables report the posterior mean estimates together with the 5% and 95% quantiles of the posterior
distribution for the parameters of the two models.

Before we analyze the estimation results, we start by discussing the goodness of the estimation.
Dynare package supplies, as a by-product, several tests such as graphical convergence diagnostic
tests suggested by Brooks and Gelman (1998), which are not shown to save space. According
to these graphical tests, the overall performance is good. Another way to analyze the quality
of estimation results is carried out by comparing the prior and posterior distributions for each
parameter as displayed in Figure 1. In general, we can conclude that estimation results show
that the data are informative about the posterior distribution of the parameters. There are two
exceptions though: Frisch elasticity parameter, o;, and the output gap coefficient in the policy
rule, 7,. Finally, as another test of the goodness of estimation, the smoothed estimates of the shock

innovation paths displayed in Figure 2 show that these innovation estimates look clearly stationary.

13 All estimation exercises are performed with DYNARE free routine software, which can be downloaded from
http://www.dynare.org. A sample of 250,000 draws was used (ignoring the first 20% of draws). A step size of 0.3

resulted in an average acceptation rate of roughly 25% across the five Metropolis-Hastings blocks used.

14See also Tables A.1 and A.2 for a description of model parameters.
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[Insert Table 1A, Table 1B and Table 1C here]

As the last three columns of Tables 1A and 1B show, our version of the SW model -with a four-
year longer sample period- confirms SW estimates of the structural parameters. In particular, the
confidence band for each structural parameter -displayed in Table 1A- overlaps to a great extent with
the corresponding confidence interval reported by SW. A similar conclusion regarding the estimated
parameters of the shock processes -displayed in Table 1B- is reached with two exceptions. The
standard deviation of government spending and policy rule shocks are slightly, but significantly,
smaller in our sample whereas our persistence estimate of the policy shock is larger than those
reported in SW.

We now discuss the estimates of the augmented NK model with revision processes by considering
revised and real-time data. We start discussing the parameter estimates associated with revision
processes shown in Table 1C. by, is the only significant coefficients among the b;; revision process
coefficients. The persistence parameters associated with the two shock revision processes are both
significant, but p, (= 0.90) is rather large whereas p, (= 0.12) is quite small. Moreover, the
standard deviation of the output revision innovation, oy, is more than twice larger than the one
associated with inflation revision innovation, o,. In sum, the revision process estimates suggest
that the revisions of output and inflation are not rational revision errors in line with the empirical
evidence reported by Aruoba (2008) since, on the one hand, real time data on output helps to
forecast future output data revisions. On the other hand, the two revision process shocks show
significant persistence, although persistence and shock size are much larger in the output than in
the inflation revision process. A careless reading of these estimation results might interpret that the
finding of most b;;’s being non-significant somewhat challenges Arouba’s (2008) empirical evidence

about the ability of the initial announcements to forecast revisions of output growth and inflation.

14



On the contrary, since revision process shocks are persistent state-variables driving agents decisions,
both revisions and initial announcements of output growth and inflation are in general determined
by these shocks, which implies that the initial announcements help to predict future revisions of
output growth and inflation due to shock revision persistence.!?

Comparing the set of estimates obtained from the two models -first three versus last three
columns of posterior estimates in Tables 1A and 1B- a clear conclusion emerges: most structural,
policy and shock process parameter estimates do not change significantly by considering real-time
data in addition to revised data. Put differently, the structural parameter estimates of medium-
scale NK models are not affected when accounting for the presence of revisions in output and
inflation data.

In spite of this general robustness result, it is worth to pointing out two important differences.
First, price and wage Calvo probabilities (£, and &, ) are larger and price and wage indexation
parameter estimates (¢, and ) are slightly smaller with the extended model and the extended
set of observable variables. Second, policy rule inflation coefficient, r,, is smaller when considering
both revised and real-time data than when using only revised data, but it is significantly larger
than one for any standard significance level, supporting Taylor principle. This estimation result

contrast with Orphanides’ (2001) result that Taylor rule does not hold when considering real-time

data.

[Insert Figure 3 and Figure 4]

Figures 3-6 show a selected set of impulse-response functions.'® Figures 3 and 4 show the

15put differently, although initial announcements and final revisions are released in different time periods both are
determined by the same set of minimum-state variables. So they are in general correlated with each other as long as
the revision process shocks are persistent.

16 The full set of impulse-response functions are available from the author upon request.
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impulse-responses for a policy rule shock for the extended and SW models. A comparison of these
two figures shows that the response of all variables to a policy shock are qualitatively similar in
the two models. For most variables such as output, consumption and investment growth rates, the
responses are larger in the extended model than in the SW model. However, the opposite occurs
for the response of inflation (both when analyzed in deviations from the steady state -denoted by

pi in the graph- and in levels -denoted by piobs-).

[Insert Figure 5 and Figure 6]

Figure 5 shows the impulse-responses to a positive output revision shock. This shock increases
output revision, which increases revised output, consumption, labor, capital stock and investment.
Moreover, the increase of output revision reduces the initial announcement of output, but this
reduction barely affects nominal interest rate due to the small coefficient associated with output
gap in the policy rule.

Finally, Figure 6 shows the impulse-responses to a positive inflation revision shock. This shock
increases inflation revision, which reduces the initial announcement of inflation leading to a re-
duction of the nominal interest, which results in larger revised output, consumption, investment,

capital and employment.

[Insert Table 2]

Table 2 shows the total variance decomposition analysis for the extended and SW models. In
the extended model, the two revision innovations, n¥ and 7™, have a weak impact in all variables
but the initial announcements of output growth rate (32.6%) and inflation (42.2%), respectively.

A comparison of the two panels in Table 2, show that by considering real time data the relative

16



importance of wage-push, %, and interest rate, n'?, innovations change substantially. More precise,
the impact of the growth rates of output, consumption, investment and real wage to a wage-push
innovation are significantly weaker in the extended model than in the SW model. The opposite
occurs with the impact of real wage growth rate to a wage-push innovation. Moreover, the interest
rate innovation is significantly more influential for hours worked, inflation and nominal interest rate
in the extended model than in the SW model. The relative importance of the remaining innovations
-technology, risk premium, fiscal/net and investment adjustment cost- is basically not affected by

taking into account real time data.

5 Conclusions
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Table 1A. Priors and estimated posteriors of the structural parameters

Priors Posteriors
Real time & Revised Only Revised

Distr  Mean Std D. Mean 5% 95%  Mean 5% 95%

Oc
01
&
Euw

L

Normal  4.00 1.50 8.52 6.66 10.23 7.37 2.50  9.10
Beta 0.70  0.10 0.76 0.70 0.83  0.73 0.66 0.80
Normal 1.50  0.37 1.61 1.35 1.95 1.44 1.23  1.68
Normal 2.00 0.7 1.60 035 2.82 211 1.06 3.13
Beta 0.50  0.10 083 0.74 093 0.66 0.58 0.74
Beta 0.50  0.10 0.799 0.68 094  0.57 0.45 0.70
Beta 0.50 0.15 029 011 046 0.51 0.27 0.75
Beta 0.50  0.15 0.08 0.03 012 0.24 0.09 0.38
Beta 0.50  0.15 0.63 046 080 0.74 0.60 0.88
Normal 1.25  0.12 1.51 1.37  1.65 1.51 1.38 1.65
Normal 1.50  0.25 1.48  1.03 1.78 1.90 1.58  2.22
Beta 0.75  0.10 087 0.83 092 0.82 0.78  0.86
Normal 0.12 0.0 0.10 0.02 020 0.02 —-0.01 0.06
Gamma 0.62  0.10 0.64 051 0.76  0.66 0.52  0.80
1) Gamma 0.25 0.10 0.18 0.07  0.27  0.20 0.09 0.30
Normal 0.00  0.10 0.70 —-0.83 245 —-0.15 —-2.17 1.74
Normal 0.40  0.10 042 037 046  0.39 034 0.44
Normal 0.30  0.05 0.20 0.17 024 0.19 0.16 0.22
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Table 1B. Priors and estimated posteriors of the shock processes

Oq
gy
Og
oF)

OR

Ow

Pa

Pb

Pi
PR
Pp

P

o

Pga

Distr
Invgamma
Invgamma
Invgamma
Invgamma
Invgamma
Invgamma
Invgamma

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Beta

Priors

Mean

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

Std D.

2.00

2.00

2.00

2.00

2.00

2.00

2.00

0.20

0.20

0.20

0.20

0.20

0.20

0.20

0.20

0.20

0.20

Real time & Revised

Mean

0.38

0.19

0.40

0.36

0.13

0.12

0.30

0.92

0.23

0.97

0.72

0.44

0.81

0.81

0.62

0.62

0.43

5%

0.33

0.15

0.36

0.28

0.11

0.09

0.23

0.86

0.05

0.96

0.62

0.31

0.62

0.44

0.36

0.25

0.27

Posteriors

95%

0.42

0.24

0.45

0.44

0.15

0.15

0.37

0.99

0.41

0.99

0.83

0.60

0.97

0.96

0.85

0.87

0.60

Only Revised

Mean

0.37

0.19

0.40

0.37

0.13

0.11

0.36

0.93

0.24

0.97

0.67

0.46

0.96

0.94

0.66

0.61

0.40

5%

0.33

0.15

0.35

0.29

0.11

0.08

0.28

0.88

0.06

0.96

0.57

0.35

0.92

0.90

0.47

0.42

0.24

95%

0.42

0.24

0.45

0.46

0.15

0.13

0.44

0.98

0.40

0.99

0.77

0.57

0.99

0.98

0.84

0.81

0.58
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Table 1C. Priors and estimated posteriors of revision processes parameters

Distr

Normal

Normal

Normal

Normal

Invgamma

Invgamma

Beta

Beta

Priors

Mean

0.00

0.00

0.00

0.00

0.10

0.10

0.50

0.50

Std D.

2.00

2.00

2.00

2.00

2.00

2.00

0.20

0.20

Real time & Revised

Mean

0.25

0.07

0.00

—0.02

0.66

0.25

0.90

0.12

5%

0.04

—0.25

—0.01

—0.21

0.53

0.20

0.83

0.03

95%

0.44

0.36

0.02

0.18

0.77

0.31

0.96

0.21

Posteriors

Only Revised

Mean

5%

95%
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Table 2. Variance decomposition (percent)

Extended model

Innovations Ay Ay" Ac Ai Aw l R T "
Technology, n® 34 23 19 24 03 52 37 18 14
Risk premium, 7° 23.1 1563 512 30 07 58 19 02 0.2
Fiscal/Net exports, n9 212 141 06 05 01 141 43 22 1.3
Investment adj. costs, 1’ 26.8 180 09 803 24 235 76 3.1 25
Interest-rate, 7% 152 102 229 7.2 27 207 499 28 20
Wage-push, n% 51 33 84 2.7 841 21.8 196 385 24.3
Price-push, n? 38 27 39 31 89 64 83 501 29.0
Output revision, 1Y 02 329 03 01 01 05 01 02 0.2
Inflation revision, ™ 1.3 12 21 06 06 19 46 1.2 39.2
SW model
Innovations Ay Ay" Ac A Aw l R 0 "
Technology, n® 5.3 — 1.5 35 09 18 66 5.2 —
Risk premium, 7° 196 — 420 23 38 20 25 21 —
Fiscal/Net exports, 9 193 - 1.0 07 04 47 43 22 —
Investment adj. costs, 7’ 157 — 19 660 39 50 144 99 —
Interest-rate, n* 7.1 - 108 27 43 27 164 156 —
Wage-push, n* 223 — 341 13.8 538.1 649 403 389 —
Price-push, nP 10.8 — 8.8 11.2 285 188 154 261 —
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Table 3. Second-moment statistics

Ay  Ac A Aw l R T Ay" w
U.S. data (1983:1-2008:1):
Standard deviation (%) 0.58 0.53 1.74 0.73 2.19 0.61 024 0.72 0.51
Correlation with output growth 1.0 0.62 0.63 -0.14 -0.16 0.20 —-0.14 0.63 0.08
Autocorrelation 0.29 0.17 0.56 0.11 0.97 0.98 0.51 0.22 -0.09
Estimated Eztended model:
Standard deviation (%) 0.95 0.78 227 0.92 3.02 0.50 0.36 0.93 0.49
Correlation with output growth 1.0 0.78 0.72 0.24 0.15 -0.35 -0.10 0.81 —-0.12
Autocorrelation 044 0.52 0.63 0.39 0.96 094 0.73 027 0.53
Estimated SW model:
Standard deviation (%) 093 0.80 213 091 383 052 045
Correlation with output growth 1.0 0.80 0.73  0.29 0.13 -0.35 -0.23
Autocorrelation 0.46 0.53 0.62 0.39 0.98 0.95 0.82
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Appendix
Set of log-linearized dynamic equations:

e Inflation identity:

T =Ty + 17 (A1)
e Output identity:
ye =i +ri. (A2)
e Revision process of inflation:
rf = bryYi + brrTy + €y (A3)
e Revision process of output:
¢ = byyyp + byaTy + €y (A4)
e Aggregate resource constraint:
Yt = cycr + iyt + 2y2e + €7, (Ab)

where ¢, = % =1—gy—iy, iy = % =(y—=1+4+9) %, and z, = ’I“kg are steady-state ratios. As
in Smets and Wouters (2007), the depreciation rate and the exogenous spending-GDP ratio

are fixed in the estimation procedure at § = 0.025 and g, = 0.18.

e Consumption equation:

et =c1c-1+ (1 — 1) Ercpr + 2 (It — Exly1) — c3 (Re — Eymen) + 557 (A6)
_ _ loe=DwL/($,,C)] _ _1=2
where ¢; = H)\%, 2 = S and c3 = UC(—H)%

e Investment equation:
i = 1941 + (1 — 1) Byig1 + d2q; + €}, (A7)

where 7:1 = and i2 = (; with B = ﬂr}/(l_gc).

1
145’ 1+8)72¢
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e Arbitrage condition (value of capital, ¢):
@ = @B+ (1 — Q1)Et7”f+1 — (Ry — Eymeq) + 6515?; (A8)
5. — 1-§
where g1 = By~ (1 — 6) = ﬁ.

e Log-linearized aggregate production function:

Yo = ¢p (ki + (1 — )y +€7), (A9)

where ¢, = 1+ -{’; =1+ Steady_Stagf fixed cost and « is the capital-share in the production

function.!?

e Effective capital (with one period time-to-build):

k‘f = k‘t—l + zt. (AlO)
e Capital utilization:
= zlrf, (A11)
where z1 = %
e Capital accumulation equation:
ke = kike1 + (1 — ky)ig + kocl, (A12)

where k1 = 1—;5 and ko = (1 — 17_5> (1 —i—B) 'y2cp.
e Price mark-up (negative of the log of the real marginal cost):

W =mply —wy = a (kf — ) + € — wy. (A13)

"From the zero profit condition in steady-state, it should be noticed that ¢, also represents the value of the

steady-state price mark-up.
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e New-Keynesian Phillips curve (price inflation dynamics):

T =TTy + maEymiy1 — 7r3,uf + BmEﬂ“f + 55, (A14)
— lp _ B _ 1 (17351?)(17510) :
where m = T, ™2 T e and w3 = . Lp((%l)spﬂ) . The coefficient of the

curvature of the Kimball goods market aggregator is fixed in the estimation procedure at

ep = 10 as in Smets and Wouters (2007).
e Optimal demand for capital by firms:
s 1 k
— (kt — lt) +wy = T—th . <A15)
e Wage markup equation:
i = wy —mrsy = wy — (allt + ﬁ (ct — )\/’yct_l)> . (A16)
e Real wage dynamic equation:
wy = wiwi—1+ (1 —wr) (Bywig1 + Eympy) —wome+wsmy_g —w4,u2”+w1§LwEtrf+5§”, (A17)

where w; =

— LBw . — tw 1 [(1B§w)(1£w)

1 L _ 1 .
VL wo = s W3 = 1% Wy 7 fu,((¢wl)5w+l):| with the curvature of

the Kimball labor aggregator fixed at €, = 10.0 and a steady-state wage mark-up fixed at

¢, = 1.5 as in Smets and Wouters (2007).
e Monetary policy rule, a Taylor-type rule for nominal interest rate management:
Ri=pRiy+ (1= p) [re(miy + Broarfy) +ryv(yia + Bearf g —yf )] e’ (AL9)

Potential (natural-rate) variables, assuming flexible prices, flexible wages and shutting down

price mark-up and wage indexation shocks.
e Flexible-price condition (no price mark-up fluctuations, pf = mpl; — w; = 0):
a(ky? — 1) +ef = wj. (A19)
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Flexible-wage condition (no wage mark-up fluctuations, u{’ = w; — mrs; = 0):
wy = oul} + 1575 () = A/vely) - (A20)
Potential aggregate resources constraint:
i = cye] +iyiy + 2z + €l (A21)
Potential consumption equation:
d=ad +1—c)Ed +e (= Ell,) —cs (B — Byl ) +eb. (A22)
Potential investment equation:
& =iy g+ (L—iy) Byl ) +iaq] + &} (A23)
Arbitrage condition (value of potential capital, ¢¥):
@ = @Bl + (1 —q) Byt — (R — Byl ) + eyl (A24)
Log-linearized potential aggregate production function:
Yy = ¢, (aky? + (1 — a)lf + 7). (A25)
Potential capital (with one period time-to-build):
kP = kY |+ 2P (A26)

Potential capital utilization:
P =P, (A27)
Potential capital accumulation equation:
kY = kik? | 4 (1 — k)il + koel. (A28)
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e Potential demand for capital by firms (r;C P is the potential log of the rental rate of capital):
— (k1) wf = (A29)
e Monetary policy rule (under flexible prices and flexible wages):

Ry = pRY_y + (1 = p) [rxmy] + &f'. (A30)

Equations-and-variables summary

- Set of equations:

Equations (A1)-(A30) determine solution paths for 18 endogenous variables.

- Set of variables:

Endogenous variables (30): v, ¢, ¢, 2, ey Ry, Tty qt, Tf, ki, ke, pd, g, we, yy, vl 7y
i, 2P PR 7P P P KPP KP ) and

Predetermined variables (15): ¢;—1, 4—1, ki—1, Tt—1, Wi—1, Bi—1, Yt—1, Yj_1, Th—1> T1_1, TF1,
cffh iffl’ kfflv and Tffl'

Exogenous variables (9): AR(1) technology shock €f = p,e?_; +n¢, AR(1) risk premium shock
b = pbei’,l +n?, AR(1) exogenous spending shock cross-correlated to technology innovations el =
PgEl_1 + 1f + pgan?, AR(1) investment shock ef = pef_; + nj, AR(1) monetary policy shock
elt = ppell | +nft, ARMA(1,1) price mark-up shock e} = PpEi_1 + 1t — byy—y, ARMA(L,1) wage
mark-up shock €f = p,ef’ | + 1}’ — p,n’ 1, AR(1) output revision shock e/ = p,.e/"; +n/" and

AR(1) inflation revision shock €]" = p,.ef" + nf'.
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Table A.1. Model parameter description

oy
&p
w

Lw

ry

100(8~1-1)

Elasticity of the cost of adjusting capital
External habit formation
Inverse of the elasticity of intertemporal substitution in utility function
Inverse of the elasticity of labor supply with respect to the real wage
Calvo probability that measures the degree of price stickiness
Calvo probability that measures the degree of wage stickiness
Degree of wage indexation to past wage inflation
Degree of price indexation to past price inflation
Elasticity of capital utilization adjustment cost
(One plus) steady-state fixed cost to total cost ratio. Price mark-up
Inflation coefficient in monetary policy rule
policy inertia parameter
Output gap coefficient in monetary policy rule
Steady-state rate of inflation
Steady-state rate of discount
Steady-state rate of labor growth
steady-state growth rate
Capital share in production function
output coefficient in output revision process
inflation coefficient in output revision process
output coefficient in inflation revision process

inflation coefficient in inflation revision process
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Table A.1. (Continued)

Oq Standard deviation of productivity innovation

ob Standard deviation of risk premium innovation

oy Standard deviation of exogenous spending innovation

o Standard deviation of investment-specific innovation

OR Standard deviation of policy rule innovation

op Standard deviation of price mark-up innovation

Ow Standard deviation of wage mark-up innovation

o’ Standard deviation of output gap revision process innovation
on Standard deviation of inflation revision process innovation
Pa Autoregressive coefficient of productivity shock process

P Autoregressive coefficient of risk premium shock process
Pg Autoregressive coefficient of exogenous spending shock process
Pi Autoregressive coefficient of investment-specific shock process
PR Autoregressive coefficient of policy rule shock process

Pp Autoregressive coefficient of price mark-up shock process
Puw Autoregressive coefficient of wage mark-up shock process
Fp Moving-average coefficient of price mark-up shock process
Lo Moving-average coeflicient of wage mark-up shock process

Pga Productivity innovation coefficient of exogenous spending shock process
Pyr Autoregressive coefficient of output revision shock process

Prr Autoregressive coefficient of inflation revision shock process
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Figure 1.A: Prior and posterior distributions of structural parameters
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Figure 1.B: Prior and posterior distributions of the structural parameters (continued)
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Figure 3: Impulse response functions to a monetary policy shock (extended model)
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Figure 4: Impulse response functions to a monetary policy shock (SW model)
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Figure 5: Impulse response functions to an output revision shock
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Figure 6: Impulse response functions to an inflation revision shock
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