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Abstract: This paper investigates the differences betwesmameters estimated using
real-time and those estimated with revised dat& fMbdels used are New Keynesian
DSGE models of the Czech, Polish, Hungarian, Svaisd, Swedish small open econo-
mies in interaction with the euro area. The papsr affers an analysis of data revisions
of GDP growth and inflation and trend revisionsrdérest rates.

Data revisions are found to be unbiased and notautelated in all countries. Inflation
is usually measured more accurately in real-tinem tGDP growth, but this is not the
case in the euro area. The results of the coreysinaduggest that there are significant
differences between parameter estimates usingine@ldata and those estimated using
revised data. The model parameters that are mosepio significant differences be-
tween real-time and revised estimations are habitonsumption and persistence of
domestic supply, of demand, and of world-wide tetbgy shocks. The impulse re-
sponse analysis suggests that the model behavdedban real-time and revised data is
different.
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1 Introduction

The typical procedure for using data in DSGE modete download ready-to-use time
series from databases like Eurostat or OECD, coenhwt required data transformations
and use these as observable variables. Howevemptbcedure has potential drawbacks
if the data used are subject to revision, whictyj@cally the case for frequently used
series like GDP or inflation. Time series of ddtattare subject to revision mix together
revised and unrevised data: the latest observigitypically a first (or even flash) esti-
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mate of the current value, while observations trat several years old have often al-
ready undergone many revisiohiShe aim of this paper is to identify possible eliff
ences between models estimated using only revisiedathd models estimated with data
from databases that mix revised and unrevised data.

Theoretically, most DSGE model parameters are npoeeisely estimated with the
revised data, although policy parameters, for examare more precisely estimated
using the real-time data that were available toplécymaker at the time of decision-
making. Policy parameters reflect the policymake€action to data that are observed
in real-time. Using revised data for historical lgse of policy parameters may result in
misleading conclusiorfsOn the other hand, AR1 parameters and arguabty sifsic-
tural parameters are more precisely estimated wsiiged data.

This paper sets out to address the outlined issoeserning data revisions in several
ways. Firstly, it offers an analysis of data remis. Secondly, it estimates parameters
using real-time and revised data and comparesehdts; it therefore provides some
indication of the influence of using real-time d&wa model results. Thirdly, it offers a
brief analysis of model behavior with impulse rasg® functions analysis in order to
find out whether the model behavior estimated wéidl-time data and final data differs.

This study uses a small-scale open economy maanoedo DSGE model to analyze

the importance of real-time data in small open Gzéwlish, Hungarian, Swiss, and
Swedish economies, respectively, in interactiom e big closed euro area economy.
The analysis proceeds from a Bayesian estimatianaxfel parameters, and its results
are also presented in terms of the statisticalifiignce of the differences in parameter
estimates.

2 Literature Review

The unreliability of real-time macroeconomic dasaa well-known issue, and many

studies have investigated the properties of datsioms. Orphanides and van Norden
(2002) report that the main issue is not revisibpublished U.S. data; it is the unrelia-

bility of end-of-sample trend estimates. On theeotliand, Cusinato et al. (2013) show
that data revision and the end-of-sample probleth bontribute to uncertainty about

the Brazilian output gap, but do not find any ewvicke that the former is less important
than the latter. Investigating the empirical praiesrof U.S. macroeconomic data, Aru-
oba (2008) finds out that revisions to the databéieed and predictable. Rusnak (2013)
reports that revisions of Czech GDP data and itepmments are rather large. He also
studies whether these revisions are “news” or ‘&igite. whether the revisions are

predictable or unpredictable. The investigationeasins in-sample predictability and

out-of-sample unpredictability for most variabldsraerest.

3 Galvao(2013) calls this issue the apples-oranges-mixiotplem and analyzes it using a DSGE
model in a forecasting exercise.
* See e.g. Orphanides (2001) and other papers medtia the literature review.
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A great deal of research effort has also been fmtus exploring the analytic conse-
guences of using real-time data in analysis. Oreast of literature concentrates on
monetary policy: e.g. Orphanides (2001) uses acdrdype rule as an example of dif-
ferent policy recommendations based on real-timdinal data, and argues that a mon-
etary policy reaction function estimated on finatalprovides a misleading description
of historical policy. Similar conclusions, i.e. thr@al-time data play a (significant) role
were reached by Aurelio (2005), Gerdesmeier andi&@2005), Gerberding et al.
(2005), Horvath (2009), and Belke and Klose (20Mgre recent literature also uses
DSGE models with monetary rules as a tool for maryepolicy investigation. Vazquez
et al. (2010) and Casares and Vazquez (2012) ettabht monetary policy parameters
are robust to real-time specification. On the otti@nd, Neri and Ropele (2012) show
that there is indeed a statistically significarffedence in policy parameters when real-
time data are considered.

Kolasa et al (2012) put a New-Keynesian DSGE mealéhe test in real-time forecast-
ing with data from the Survey of Professional Fasters (SPF). The paper concludes
that if we support the model with SPF nowcasts nlbelel forecasts reasonably well.

Clements and Galvdo (2011) concentrate on busityeds analysis and establish that
using also older data vintages improves outputagapinflation trend estimates in real
time.

This paper also features an analysis in the spir@roushore and Stark (2003), where
authors show that using different data vintages teag to (statistically significantly)
different estimates of model parameters.

Interested readers may turn to Croushore (2011pfoextensive survey of real-time
data literature.

3  Methodology and Preliminaries

31 Model

This paper uses a New Keynesian (NK) Dynamic SttahaGeneral Equilibrium
(DSGE) model. The model is derived from microecoiwbehavior of particular eco-
nomic agents. These include domestic and foreigmsdimlds, domestic and foreign
producers, domestic importers and domestic andgionmonetary authorities. Most of
the model assumptions are adopted from Lubik atmb$iceide (20065.

The model is in a small open economy (SOE) setngt presumes two countries - a
small open economy influenced by a big closed eecgn@\Iso, the model incorporates
the exchange rate channel, and the two countrighermodel should therefore have
different currencies. Finally, the formulation dfetinterest rate rule corresponds best
with an inflation targeting regime.

® See the online Appendix to the companion papapek (2014), for details.
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Given the typical scope of the journal, this stuncentrates on the Visegrad Four
countries, of which three meet the restrictionsegiby the model formulatiohtn addi-
tion, the Swiss and Swedish economies are also lfladdas these can serve as a useful
comparison to the V4 countries. The small open ecves are therefore the Czech,
Hungarian, Polish, Swedish, and Swiss economiapewtively. In all cases, the euro
area (incorporating 12 countries) is the big lasgenomy.

3.2 Data

The observed variables were chosen in accordartbelwbik and Schorfheide (2006),
where the authors use quarterly data for sevenreddsie variables — output growth,
CPI inflation and 3-month nominal interest rate flamestic and foreign economies,
and the growth rate of bilateral nominal excharage.r

The data were acquired from OECD databases. GDRCandumer Price Index were
acquired from a real-time datab4sevhilst the interest rates and the exchange rates
were acquired from Key Economic Indicatbrs

Real-time data is usually structured in vintagesvifitage” is a quarter when the data
become available, or, the time of publishing. Fraraple, if Czech Statistical Office

releases an estimate of GDP growth for the lasttguaf 2012 sometime in April of

2013, it is said that the data for the fourth geradf 2012 are in the vintage of April of
2013.

The term “real-time” data addresses data that becawailable right after collection.
Real-time macroeconomic data are usually availablemonths after the end of a quar-
ter, typically being the first estimates publisied that quarter. As time passes, new
vintages become available and revised data becoare actcurate estimates of real
values. The most recent vintage is referred tchas‘final” value. The difference be-
tween the final and real-time data is a “total séw”.

The original OECD real-time dataset for CPI has &®thly vintages (February 1999
— January 2014) that cover from 36 (January 19%&eember 1998) to 21%onthly
observations (January 1996 — November 2013). Tiggnal real-time dataset for GDP
also has 180nonthly vintages that cover from 11 (1996Q1 — 1998Q3) tayrarterly
observations (1996Q1 — 2013J3).

® Slovakia does not have independent monetary policy

! http://stats.oecd.org/mei/default.asp?rev=1

8 http://stats.oecd.org/Index.aspx?DataSetCode=K&te that Hungarian interest rate has several
missing observations in OECD database. The sedessubstituted from Eurostat database (the
data are virtually the same) where there is onk missing observation in 200493 which was
linearly interpolated.

o Missing observations occur at some vintages foresoountries. Such vintages are not used for
the estimation.
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GDP in constant prices that i®t seasonally adjusted in the dataset was seasonally
adjusted in Demett3program by Tramo&Seats method. Computed growtésrare
log-differences, quarter-on-quarter. Monthly Consurrice Index was also seasonally
adjusted. The third month in each quarter was tse@dmpute quarter-on-quarter infla-
tion (as log-differences). Both dataset were trtedtao that there are at least 30 quar-
terly observations for the estimation.

Finally, there is an issue of whiaghonthly vintages to select for estimation in each
guarter. Since the model is quarterly, there are thredcelsoavailable: to use Janu-
ary/April/July/October vintages, February/May/Augtiovember vintages, or
March/June/September/December vintages. There ang difficulties with this choice
and arguably, none of the options is ideal. The@ggh used in this article is to use the
vintage set that ensures the highest numbdmalainced real-time data subsets. A bal-
anced real-time data subset in this context megeusitt includes the same number of
quarterly observations for both GDP growth andaitifin. This approach is convenient
in that we do not need to discard any existing gulgrobservations, nor do we need to
estimate (nowcast) any non-existent observatioonsveiter, there are also drawbacks to
this approach. Firstly, since we focus only on tpréy observations, we disregard any
monthly observations of inflation that may be aablé. Secondly, this approach does
not discriminate between flash estimates (of GDR) ‘aegular” releases of national
accounts data Thirdly, the unbalanced real-time data subsegsnat addressed — the
affected vintages are simply not used for the egton, and no results are reported for
that vintage.

There are no real-time datasets for the remainimgpivable variables, and truncated
time series are therefore used for the estimafidwe interest rates are 3-month inter-
bank rates without any transformatifQuarterly nominal exchange rates were col-
lected as “USD monthly averages” and transforméd domestic currency vs. euro in
direct quotation, which means that its increaseailue reflects the depreciation of the
domestic currency’ The growth rate of the nominal exchange rate vedsutated as
log-differences.

If originally published data need to be detrendddrpo use, the issue of trend recom-
putation comes into play as well. When new databwecavailable, the influence can be
seen in two directions. Firstly, the new vintagéwies more accurate data for historical
periods — this influence is often referred to aatédrevision”. Secondly, new data points

9 http://circa.europa.eulfirc/dsis/eurosam/info/distedetra. htm

" ve conducted a sensitivity analysis (on Czectadand baseline setting) and used all three
possible choices of sets of monthly vintages (is tlase, ragged ends were cut) and the similarity
of the results do not suggest there is a problewindéges choice.

12 Note that several missing values were filled ithviEurostat data which are consistent with
OECD’s data.

13 This selection and computation was used becaugDQfataset does not contain currencies
quoted in EUR. The calculations were cross-cheelgainst datasets of Eurostat, and the series
are virtually the same.
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for the new period enable a more accurate estimatiohe trend for historical periods —
this influence is “trend revision”. The sum of datad trend revisions yields total revi-
sion.

Table 1 summarizes which macroeconomic variablessabject to data revision, and
which are subject to trend revision. Domestic aréifjn GDP growth and inflation are
part of the real-time database, and are therefdrst to data revision. However, these
variables are stationary, and detrending only megudeducting the meafTrend
revision in the case of a constant trend is ndgkgiwhich is the reason why it is omit-
ted in this study. Interest rates are not subjatata revisions, but are not stationary.
The interest rates in the euro area are detrengledlmear) time trend. Domestic inter-
est rates are even more irregular and are detrebged Hodrick-Prescott filter with
A =1600. Nominal exchange rate growth is not subject tia davision and the series
is stationary, which means that this series is suiject to any revision. Due to the
availability of variables in the real-time databasel the choice of detrending methods,
no variable is subject to both revisions.

Table1 Data, Trend, and Total Revision

Variable Data revision  Trend Total revision
domestic GDP growth yes constant = data revision
domestic inflation yes constant = data revision
domestic interest rate no HP filter = trend revision
foreign GDP growth yes constant = data revision
foreign inflation yes constant = data revision
foreign interest rate no linear = trend revision
nom. exchange rate growth  no constant  =none

Notes. Domestic economies are various small open economies. Foreign economy isthe euro area.

In order to conveniently distinguish between datd &end revisions, the concept of so-
called “quasi real-time” data is usually introdu¢@@uasi real-time data are construct-
ed knowing the latest vintage but not knowing fatualues. The researcher knows what
data revision for today’s value will occur tomorrdwt she does not know any values
for tomorrow's time period. Therefore, quasi raalé data only isolates trend revision.

This implies that quasi real-time data minus r@aktdata is data revision, and final

data minus quasi real-time data is trend revision.

14 As a robustness check, | re-estimated the baseiauz! of Polish small open economy with
the inflation gap used in the Taylor rule thatasstructed as a difference of inflation and infla-
tion target. In most parameters, the results fihation gap specification and de-meaned specifi-
cation differ only insignificantly. For a few paraters, there is a level shift, but the dynamics is
again very similar.

®see e.g. Orphanides and van Norden (2002) ancalmt®apell (2013).
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All observable variables enter the model as quamequarter growth rates (interest
rates are quarterly) amer quartal .*®

3.3  Recursive Estimates and Statistical Sgnificance

This study undertakes a recursive analysis in cdaanalyze the influence of the use of
real-time data on the differences model paramettimates in the course of time. The
recursive analysis is conducted in a way that itet dbservation is always the same,
and the last observation shifts by a quarter eiach & new estimation is carried out. A
logical implication is that the time frame of thgtimate grows. The series of such esti-
mates may be intuitively perceived as the exploratf the information in the newly-
added data. Although this intuition is not entiretyrrect, this paper concentrates on the
influence of real-time data rather than on weake®sd recursive estimation.

The log-linearized DSGE model is estimated by Biyesnethods. A numerical-
optimization procedure is used to maximize the grost. At least 1,000,000 draws
from posterior density are generated with a randaatk Metropolis-Hastings algorithm
after which the convergence is checked accordi@diman and Rubin (1992) conver-
gence diagnostics. If the chain does not convet@#0,000 more samples are added,
and the convergence is rechecked until convergenceached’*®Then, 90% of the
original sample is discarded and the rest is useg@dsterior analysis. The estimation is
carried out in Dynare software Monte-Carlo based optimization routine is used fo
computing the mode so that different estimateseath suitable acceptation rate. Pa-
rameters’ prior densities are the same for alhestes.

Note that data enter the estimation in respectimtages for each estimation. The data
source for one “real-time” macroeconomic varialsi¢hierefore not one time series, but
a matrix of data with separate vintages. Althougimputationally more demanding, this

approach mimics more tightly the data actually ladé to economic agents in any

point in time.

For real-time estimates, the trend estimates asecbanly on the data that were actually
available. For quasi real-time estimates, all datfully revised but values for future

periods are not known. For final estimates, aladate fully revised and future values
are available for the computation of the trendotder to capture the evolution of the

estimates, final data series are truncated to mh&period of estimation.

16 See part 3.5 for two exceptions with selectiverymayear transformation.

Y When the chain does not converge, results arespotted.

8 The convergence is considered successful whaatistic (Gelman and Rubin 1992, p. 465)
for all parameters is 1.03 or lower. As the potdrgtale reduction is given bR, the required
value of the potential scale reduction factor &1249. Note that\\hen the potential scale reduc-
tionisnear 1, we conclude that each set of the m sets of n simulated values is close to the target
distribution.” (Gelman and Rubin 1992, p. 465)

19 See http://www.dynare.org/; version 4.4.1 was used
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In order to be able to conclude whether potentitiéences between real-time, quasi
real-time and final estimates are statisticallyngigant, section 4 reports the lowest
significance level at which the (major) mode is oftiHighest Posterior Density bands
for the two most different estimates.

34  Edtimated Variants

The study offers several different model specifara, data treatments and estimation
procedures to show the robustness of the resuiis.sétting introduced in sections 3.1
and in the Appendix is calldsbseline.

CPI not s.a. stands for model variant with Consumer Price Indekseasonally adjust-
ed, GDP HP denotes a variant with growth rate of Gross Doimd3toduct detrended
by Hodrick-Prescott filterrolling uses estimation (of baseline model) in a moving-wi
dow of fixed length 30YOY stands for a variant with monetary authorities tae for
year-on-year (rather than quarter-on-quarter) chamagd YOY+GDP HP denotes a
variant with monetary authorities that care for ryea-year changes and GDP is
detrended by HP filter.

4  Recursive Analysis of Real-Time Data

Figure 1 displays both real-time and final datadorall open economies and the euro
area economy. Note that in order for the magnitrttkregularity of data revisions to be
visible, the data are not detrended here. Alsayrater to form one “real-time” time
series for each macroeconomic variable, only thetmecent data point per vintage is
considered. This treatment corresponds to the Lideal-time” data in literature and is
therefore directly comparabf@However, note that the estimation does not use the
depicted series, but separate vintages.

Figure 1 Real-time and Final Data

CZ GDP growth, mean = 2.17, MAE = 1.33 p.p. CZ inflation, mean = 3.33, MAE = 0.55 p.p.
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20 Orphanides (2001), Rusnak (2013), and Belke andé{2011) among many others.
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PL GDP growth, mean = 3.87, MAE = 1.55 p.p.

PL inflation, mean = 4.74, MAE = 0.64 p.p.
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SE GDP growth, mean = 2.36, MAE = 1.90 p.p. SE inflation, mean = 1.15, MAE = 0.46 p.p.
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EA GDP growth, mean = 1.41, MAE = 0.58 p.p. EA inflation, mean = 1.94, MAE = 0.30 p.p.
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Notes: the black line denotes final data (left axis), the grey line denotes real-time data (left axis),
the error bar depicts data revision (right axis), the mean denotes the average of final data over
the sample, and MAE denotes mean absolute error in data revision. CZ = Czech Republic, PL =
Poland, HU = Hungary, CH = Switzerland, SE = Swveden, EA = Euro area (12 countries).

In absolute terms, GDP growth suffers from revisioore than inflation in all countries
shown (see the “MAE” measure above each graph).pldtare is quite different if we
compare the volatility of original (real-time anglvised) time series and therefore com-
pare the differences in relative terms. Accordimgaise-to-signal ratié§ GDP growth
and inflation are subject to similar revisions omySwitzerland. Euro area is the only
economy that demonstrates a higher relative amofutidita revision in inflation than in
GDP growth.

Inspecting the GDP graphs closely reveals someasities and some specific differ-
ences among the featured economies. In most ceanttie severity of the economic
crisis of 2009 was underestimated, i.e. it appeandder according to real-time data
than it turned out to be after revisions. The ecoinccrisis period also gave rise to the

2 Noise-to-signal ratio is computed as a standavéhtlen of the revisions divided by the stand-
ard deviation of the final value of the variable.
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largest revisions on the sample for Czech, Hungaad Swiss economies. On the
other hand, for example the Polish economy doedispiay any striking changes in
GDP growth during the period of global economisisti

The inflation graphs that are depicted in the Figland panels of Figure 1 do not display
many similarities among countries. The most apgartemmon feature is disinflation in
most of the countries during the global economisi€rAlso, the countries of the Vise-
grad group demonstrate a decline in inflation freatfues well over 10 % at the begin-
ning of the depicted sample. Further inspectionthef regularity of inflation revisions
indicates autocorrelation in lag 2 and 4 in somentides. This autocorrelation seems to
be an artifact of seasonal adjustment of the uyiherICPI series. However, since the
series of revisions do not enter the estimatiopgse data vintages do), this problem
only affects the statistics in Tablé?2.

Table 2 summarizes the data revision statisticyisRes are unbiased for all studied
countries. Most of the correlations are very highjch means that final and real-time
data have very similar dynamics. However, thereaafew exceptions with unusually
“low” correlation values. The highlighted valuesTiable 2 point out revisions of GDP
growth in Switzerland and Sweden. These correlatioefficients are lower than 0.8
and the corresponding panels in Figure 1 also strdw slightly similar dynamics be-

tween real-time series and final revised series.

The GDP growth figures in the euro area suffer ffoequent underestimation, with the
real-time estimate lower than final data 63% oftthee.

The noise-to-signal ratio for GDP growth confirmhattthe relative magnitude of revi-
sions is lowest for the euro area. The two econsmigh highest noise-to-signal ratios
are the same as the two economies with lowestlatimes between real-time and final
data. This fact only reasserts the observationigif hoise and variability in GDP revi-
sions in Switzerland and Sweden. Noise-to-sign#bsdor inflation are usually lower
than for GDP growth. The only exception to thiséen in the euro area, with N/S=0.29
for GDP growth and N/S=0.40 for inflation.

Table2 Summary Statistics of Data Revisions
Mean  Min Max St.Dev. RMSE N/S Corr p-val AR(1) Rev+

Output growth

Czech Rep. 013 677 346 1.80 1.80 049 088 068 032 058
Poland 004 -586 772 217 2.18 052 091 083 -040 057
Hungary 019 -6.14 363 173 1.74 049 088 049 036 040
Switzerland 017 -893 280 167 1.68 072 072 043 002 059
Sweden 033 607 759 254 2.56 067 073 014 -011 052
EA12 014 159 226 0.7 0.73 029 09 015 0.07 [0.63

22 Also, note that section 3.5 introducgB! not s.a. as a model variant with CPI that is not sea-
sonally adjusted.
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Inflation

Czech Rep. 002 -271 120 0.73 0.73 020 098 073 0.00 054
Poland 003 -236 266 0.83 0.83 019 098 060 -0.16 0.54
Hungary 001 -202 25 093 0.93 020 098 094 -031 045
Switzerland 000 -281 241 0.72 0.72 061 080 099 -051 048
Sweden 006 -124 184 0.62 0.63 030 095 021 -028 040
EA12 004 186 1.54 044 0.45 040 091 029 -014 0.59

Notes: N/S denotes noise-to-signal ratio, defined as the standard deviation of the revisions divid-
ed by the standard deviation of the final value of the variable; Corr is the correlation of final and
real-time data; p-val is a p-value for a test that the mean revision is zero using autocorrelation
and heteroscedasticity-consistent standard errors. AR(1) denotes an autocorrelation coefficient of
the first order (missing data are estimated in an iterative fashion using default order state-space
models); Rev+ denotes the frequency at which final data is greater than real-time data, i.e. final
revision is positive. Results discussed in the text are highlighted.

Table 3 offers summary statistics for trend revisioAs section 3.2 explained, when
new data points become available, they allow fdtebestimation of the trend. Changes
in trend estimates then change the de-trended v#hag enter the estimation. The char-
acteristics of these changes in de-trended valtesxactly what the concept of trend
revision aims to capture. Technically, at each poirtime, only the latest de-trended
value forms the so-called quasi real-time data. difference between final data and
guasi real-time data is then the trend revision.

All trend revisions are highly (first-order) autooelated. Over/underestimation of final
trend is roughly balanced for all economies exdepthe euro area, where quasi real-
time data overestimate the final trend in 64 % efigds. Thep-val result for Poland
also stands out in Table 3. It is 0.08, which makése only biased trend revision, i.e.
the mean of the revision -0.39 is statisticallyfetiént from zero at the 0.1 significance
level.

Table 3 Summary Statistics of Trend Revisions
Mean Min  Max St.Dev. RMSE N/S Corr p-val AR(1) Rev+

Interest rate
Czech Rep. (HP) 015 149 121 0.68 0.70 044 091 039 0.98 0.57

Poland (HP) 039 -216 063 0.6 095 043 091 008 098 050
Hungary (HP) 014 211 139 0.72 074 055 085 042 093 051
Switzerland (HP) ~ -0.03 -0.97 137 0.50 050 070 075 081 097 050
Sweden (HP) 001 -095 158 0.51 051 063 079 097 095 041
EA12 (linear) 006 058 1.12 041 041 040 092 056 098 036

Notes: Corr is the corréelation of final and quasi real-time data, Rev+ denotes the frequency at
which final data is greater than quasi real-time data. HP denotes the Hodrick-Prescott filter as a
detrending method (1 = 1600), linear denotes linear time trend as a detrending method. For
other notes see Table 2.
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5 Recursive Estimates of M odel Parameters

5.1  Czech Republic

Figure 2 displays the evolution of recursive, reowg real-time, and recursive quasi
real-time estimates for haldit persistence in domestic supply shpgkand persistence

in the growth rate of world-wide technology shqggk Probability bands are drawn
around quasi real-time estimates and this depidtidherefore convenient for identify-

ing deviations from quasi real-time estimates.

Starting with the parameter of habit in consumptittre evolution of the estimates is
different over time. All real-time, quasi real-tinaend final recursive estimates of the
habit parameter drop during the onset of the ecimanisis (2008g4). However, the
evolution of the estimates differs in subsequemtops. The parameter estimate drops
in 200894 and remains at a lower value accordindully revised data. However,
should the researcher use a time series with nrixéided and unrevised data in vintag-
es 2009g1-2010q4, the results would suggest tlatvéitue of the habit parameter
jumped back to high values immediately after 2008t4an therefore be argued that
the use of (a mix of) unrevised data results infferént estimate of habit in consump-
tion. Note that the depicted results areYaY model formulation, which supposes that
central authorities react to year-on-year changesan be seen in Table 4, the results
are not robust to other model specifications.

Another selected example estimated on Czech d#éba eersistence in domestic supply
shockp,. According to data available in real-time, the eviolu of the parameter is
almost constant at value 0.95 in the pre-crisisoper before dropping during 2008 to
values close to the prior mean, and remaining thdogvever, fully revised data suggest
that the evolution was in reality not an unexpedtamp, but a continuous decline of the
parameter. Therefore, if a researcher uses redatl she would be aware of the de-
cline in the parameter from 2005; but if a researalses a mix of unrevised and revised
data (downloaded from databases in real-time) piameter's decline is not apparent
until 20089g3. Note that the depicted model ver$a@PI not s.a., where the price index
is not seasonally adjusted. The results are qaltest, since only two of six estimated
variants do not demonstrate statistically significa@sults.

Our third selected example somewhat resemblesittstechse. The persistence in the
growth rate of world-wide technology shogkjumps up in 200894 in all estimations,
but its subsequent evolution is different. Realetifand probably also quasi real-time)
data indicate that the parameter values returngdet@risis lower levels. However, this
observation is illusory as can be seen from theltesith fully revised data, which
indicate that the value of the parameter remaighk &t the crisis continues.
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Figure 2 Recursive Estimates of Habit h, Persistence in Domestic Supply Shock p,, and
Persistencein the Growth Rate of World-Wide Technology Shock p,, Czech Economy
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Notes: The depicted estimates are posterior modes with 95%, 90%, 68%, and 50% Highest Poste-
rior Density Interval (HPDI) for recursive quasi real-time estimates.

Table 4 presents the significance values for varimodel alternatives in order to de-
termine whether the difference between recursigktime estimates and the remaining
estimates is statistically significant. Please rib#, in order to conserve space, results
for parameters that do not display a single stadily significant result (at significance
level 0.1 or lower) are not reported.
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Table4 Significance Valuesfor Estimates on Czech and Euro Area Economies

baseline CPI not s.a. GDP HP rolling YOY YOY+GDP HP

T - coefficient of relative risk aversion

Data revision 0.34 0.30 0.54 0.56 0.36 0.20
Trend revision 0.64 0.53 0.56 0.68 0.66 047
Total revision 0.22 0.22 0.51 0.54 0.35 0.10*
h - habit (persistence) in consumption

Data revision 0.54 0.59 0.08* 0.25 0.01***  0.30
Trend revision 0.62 0.55 0.14 0.40 0.01***  0.30
Total revision 0.55 0.57 0.07* 0.28 0.01*** 043
Pa — AR1 persistence in domestic supply shock

Data revision 0.18 0.07* 0.61 0.12 0.74 0.04*
Trend revision 0.15 0.19 0.72 0.01**  0.79 0.35
Total revision 0.02** 0.05* 0.50 0.01** 0.7 0.01%**
P, - AR1 persistence in the growth rate of world-wide technology shock

Data revision 0.55 0.67 0.06* 0.07* 0.01***  0.02*
Trend revision 0.48 0.43 0.27 0.03* 0.02* 0.06*
Total revision 0.57 0.44 0.12 0.19 0.01™  0.16

Notes: Numbers shown in the table are the lowest levels of significance at which posterior mode
is out of Highest Posterior Density interval bands for the most different estimates. Data revision
relates to quasi real-time versus real-time results, Trend revisiorrelates to computation of signif-
icance values on recursive versus quasi real-time results, and Total revisionrelates to recursive
versus real-time results. CPI not s.astands for the model variant with Consumer Price Index not
seasonally adjusted, GDP HP denotes a variant with growth rate of Gross Domestic Product
detrended using the Hodrick-Prescott filter, rolling uses an estimation (of baseline model) in a
moving window of fixed length 30, YOY stands for a variant with monetary authorities that oper-
ate year-on-year (rather than quarter-on-quarter) changes and YOY+GDP HPdenotes a variant
with monetary authorities that operate year-on-year changes and whose GDP is detrended using
the HP filter. Values lower than or equal to 0.1 are denoted with a star, those lower than or equal
to 0.05 with two stars, and finally, lower than or egual to 0.01 with three stars (due to computa-
tional procedure, values in the table are rounded up). Parameters with no statistically significant
resultsat 0.1 level are not displayed, in order to conserve space.

The individual results in Table 4 were discussetiezan this paper, therefore here we
shall concentrate on the big picture of the resdite results do not seem to demon-
strate any particular regularity: statisticallyrgfgcant results can be found in all model
variants, and there does not seem to be any paftehe results, except thbaseline
andCPI not s.a. are probably less prone to have statisticallyificant results. On the
other handrolling, YOY andYOY+GDP HP have more statistically significant resufts.

% Note that the high number of statistically sigrafiit values is also supported by results that are

103



The most robust result is for persistence in doimasipply shoclp,. The persistence in
the shock slowly declined in the period 2004-200& illusory results using real-time
data suggest there was a steep drop in the paraim&@08.

5.2  Hungary

This subsection investigates the case of small @genomy of Hungary in interaction
with the euro area. Figure 3 depicts the evolutibmtratemporal elasticity of substitu-
tion between domestic and imported consumption g§goAR1 persistence in domestic
supply shockp,, and AR1 persistence in domestic demand spgck

All depicted parameter estimates display rathefedifit patterns of evolution when
compared with the case of the Czech Republic. rdpbs indicate that the evolution of
real-time estimates is partially or permanently dowhan that of revised estimates. The
first graph, showing rolling estimates of intrateorgl elasticity of substitution between
domestic and imported consumption gogdedicates that unrevised data consistently
result in a lower value of the parameter than exidata.

The second and the third panel display the pergist®f supply and demand shocks.
Both persistence trends are fairly constant withsedl data, while real-time data indi-
cate (statistically significantly) lower values il2008.

Figure 3 Recursive Estimates of Intratemporal Elasticity of Substitution between Domestic
and Imported Consumption Goodsn, AR1 Persistence in Domestic Supply Shock p ,, and
AR1 Persistence in Domestic Demand Shock Py Hungarian Economy
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due to the multimodality of the posterior distrilouts in question.
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Notes: The depicted estimates are posterior modes with 95%, 90%, 68%, and 50% Highest Poste-
rior Density Interval (HPDI) for recursive quasi real-time estimates.

Table 5 shows parameters for Hungarian economydnaionstrate at least one statisti-
cally significant result. However, the robustne$shese results is mostly weak. Rea-
sonably robust results are only found for persistenf demand and of world-wide
technology shocks. The result for the demand sk discussed earlier in this paper;
the results for the persistence in the growth cdtevorld-wide technology shock are
probably due to shifting between reginfés.

Table5 Significance Valuesfor Estimates on Hungarian and Euro Area Economies

baseline CPlnots.a. GDPHP roling YOY YOY+GDP HP
h - habit (persistence) in consumption

Data revision 0.52 0.66 0.64 0.45 0.01** 0.12
Trend revision  0.37 0.42 043 043 0.54 0.01***
Total revision ~ 0.26 0.49 0.53 0.35 0.20 0.43

4 Note that all reported results (including this pseccessfully passed the Gelman and Rubin
(1992) convergence check, see subsection 3.3 failglef the estimation.
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a —import share

Data revision ~ 0.57 0.41 0.54 0.04**  0.01*** 0.50
Trend revision  0.69 0.64 0.54 0.34 0.16 0.74
Total revision ~ 0.61 0.60 0.30 0.39 0.19 0.46
7 — intratemporal elasticity of substitution between domestic and imported consumption goods
Data revision ~ 0.16 0.48 0.44 0.08*  0.01** 0.03**
Trend revision ~ 0.45 0.76 0.74 0.23 0.12 0.12
Total revision ~ 0.39 0.51 0.52 0.26 0.04* 020
Pa — AR1 persistence in domestic supply shock

Datarevision ~ 0.15 0.68 0.52 0.05*  0.51 0.36
Trend revision ~ 0.03** 0.20 0.52 0.03* 0.22 0.33
Total revision ~ 0.08* 0.16 0.34 0.07* 049 0.09*
pg — AR1 persistence in domestic demand shock

Data revision 0.49 0.34 0.46 0.25 0.53 0.49
Trend revision ~ 0.02** 0.02* 0.51 0.01™* 0.42 0.06*
Total revision ~ 0.01**  0.01*** 0.52 0.01*** 0.79 0.08*
pz —AR1 persistence in the growth rate of world-wide technology shock

Data revision 0.42 0.65 0.73 0.01™* 0.01™* 0.54
Trend revision ~ 0.04** 0.32 0.01**  0.01™ 0.01™ 0.26
Total revision ~ 0.02** 0.38 0.01**  0.01™ 0.03* 017
See notes to Table 4.
53 Poland

This section presents the results for a model enditmestic economy of Poland. No
results are depicted for Poland, since there armbuost statistically significant results
(see also Table 6).

This result may seem puzzling since the descriptegistics of data revisions in Ta-
ble 2 are similar to the equivalent Czech and Hriagastatistics, and the statistics of
trend revisions in Table 3 display thely biased trend revision in the whole study. Yet,
despite this, there seem to be only minor diffeesnbetween estimations with fully
revised data and those using real-time data foarRbIThis observation underlines the
importance of further analysis, such as the amaiysthis paper. Since the consequenc-
es of data and trend revisions for model estimadiomot seem to be trivial, one cannot
conjecture the consequences of quality of datafmdlel results.
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Table 6 Significance Valuesfor Estimates on Polish and Euro Area Economies

baseline  CPlInotsa. GDPHP roling YOY YOY+GDP HP
h - habit (persistence) in consumption
Data revision 0.37 0.45 0.74 0.13 0.38 0.07*
Trend revision 0.40 0.48 0.74 0.63 052 017
Total revision 0.31 0.33 0.66 0.27 046  0.11
a —import share
Data revision 0.41 0.66 0.20 0.11 0.08* 0.04*
Trend revision 0.72 0.77 0.75 0.42 031 013
Total revision 0.42 0.57 0.21 0.15 0.10*  0.12

7 — intratemporal elasticity of substitution between domestic and imported consumption goods

Data revision 0.38 0.26 0.24 0.09* 041 015
Trend revision ~ 0.71 0.75 0.83 0.05* 045 0.33
Total revision 0.31 0.17 0.25 0.10* 024  0.06*
Pa— AR1 persistence in domestic supply shock

Data revision 0.58 0.65 0.74 0.43 031 044
Trend revision ~ 0.65 0.60 0.64 0.11 062 0.61
Total revision 0.52 0.69 0.66 0.06* 029 043
pg — AR1 persistence in domestic demand shock

Data revision 0.23 0.16 0.25 0.28 020 0.5
Trend revision ~ 0.23 0.18 0.68 0.33 059 0.17
Total revision 0.14 0.12 0.27 0.10¢ 021 0.25
pz —AR1 persistence in the growth rate of world-wide technology shock

Data revision 0.22 0.55 0.68 0.15 056  0.01**
Trend revision ~ 0.17 0.30 0.70 0.58 060  0.01™
Total revision 0.33 0.27 0.64 0.34 047  0.01**
See notes to Table 4.

54  Switzerland

The quality of Swiss data is quite good (see secatipand this fact is also reflected in
the relatively low number of statistically sign#ict results in Table 7. The result de-
picted in Figure 4 is the evolution of the persist in domestic supply shopk. Re-
cursive real-time and recursive quasi real-timeneges are consistently lower than
recursive estimates for the time period prior t®@20This observation suggests that
revision as late as 2009 unveiled the “true” vabfiehe parameter during the period
2003-2008.
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Figure 4 Recursive Estimates of Persistence in Domestic Supply Shock p 4, Swiss Economy
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Table 7 Significance Values for Estimates on Swissand Euro Area Economies

baseline CPInots.a. GDPHP roling YOY  YOY+GDP HP
h - habit (persistence) in consumption

Datarevision  0.59 0.68 0.01** 048 048 0.64
Trend revision 0.79 0.68 0.62 0.68 0.57 0.66
Total revision  0.75 0.75 0.12 058 060 0.75
pg — AR1 persistence in domestic demand shock

Data revision  0.50 0.56 0.49 047 043 048
Trend revision 0.06* 0.06* 0.76 013 069  0.06*

Total revision  0.03**  0.03** 0.55 018 041  0.02*
pz —AR1 persistence in the growth rate of world-wide technology shock

Data revision  0.47 0.36 0.55 0.22 0.04* 0.05**
Trend revision 0.40 0.02** 0.23 057 0.06* 017
Total revision  0.27 0.03* 0.41 0.29 0.01** 0.02**
See notesto Table 4.

5,5  Sweden

The results for the Swedish economy are almosuskaly driven by the bimodality of
posterior distributions and switching between thedes®®> As a result, no graphical
figure is presented here, and the number of statit significant results in Table 8 is
hardly comparable to the results in other countries

s Again, please note that all results passed theergence diagnostics checks described in sub-
section 3.3.
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Table 8 Significance Valuesfor Estimates on Swedish and Euro Area Economies

baseline CPlnots.a. GDPHP roling YOY YOY+GDP HP
6y — fraction of domestic producers who do not change prices

Data revision 0.08* 0.07" 0.44 0.32 0.18 0.69
Trend revision ~ 0.49 0.70 0.69 0.81 0.55 0.75
Total revision 0.24 0.11 0.27 0.46 0.19 0.84
h - habit (persistence) in consumption

Data revision 0.04* 0.64 0.44 0.63 0.01* 0.57
Trend revision ~ 0.03** 0.46 0.01** 0.76 0.31 0.50
Total revision 0.42 0.64 0.47 0.47 0.01** 0.54
a —import share

Data revision 0.01*  0.01™* 0.23 0.60 0.05*  0.63
Trend revision ~ 0.17 0.60 0.40 0.55 0.12 0.54
Total revision 0.09* 0.04* 0.24 0.09*  0.04* 0.39
7 — intratemporal elasticity of substitution between domestic and imported consumption goods
Data revision 0.01*  0.01** 0.02* 0.29 0.04* 027
Trend revision ~ 0.17 0.14 0.70 0.64 0.15 0.28
Total revision 0.01**  0.01*** 0.01%** 0.14 0.01*** 017
p, —AR1 persistence in the growth rate of world-wide technology shock

Data revision 0.01**  0.01** 0.61 0.21 0.01* 0.58
Trend revision ~ 0.35 0.31 0.05** 0.51 0.13 0.16
Total revision 0.01**  0.06* 0.68 0.01*** 0.0 0.22
See notes to Table 4.

5.6  Impulse Response Functions Analysis

This section addresses the question as to whdtbalifferences in the parameter esti-
mates based on real-time and revised data areaatsxiated with different model be-
havior. Since the number of impulse response fanst{IRFs) is very larg&, Figure 5
only depicts selected impulse response functionsrder to illustrate the possibilities
for different model behavior if the model is estteth on real-time and revised data.
Note that the depicted IRFs are computed from piostenedians and are therefore not
sensitive to convergence/bimodality issues.

% For each country, 232 responses can be measoreghdh of 6 variants and up to 41 recursive
estimates. This results in up B82[6[41=  570iM2pulse response functions for each country.
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Figure 5 Selected | mpulse Response Functions
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Notes: The first two letters are the country abbreviations (see notes to Figure 1), the information
given second in thetitle is the model variant (see subsection 3.4), the following code identifies the
last observation of the recursive estimate used, and the last part of the title refers to the response
being drawn: the response of the observable variable referred to is drawn in the figure, and the
shock identified is stated in the parentheses (WMtech shock denotes the world-wide technology
shock). All shocks are positive (in these cases, also favorable) and in the magnitude of standard
deviations of the innovation in question. The dotted line corresponds to real-time data results,
solid lines show fully revised results.
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The first panel of Figure 5 depicts the IRFs fag Bwedish small open economy. The
YOY formulation indicates that monetary rules are imryen-year formulation. The
responses being drawn are from recursive estinvaithstheir last observation in the
fourth quarter of 2006. The shock is a demand (arket-clearing) shock and we ob-
serve the GDP growth reaction in the domestic ($#@deconomy. The response is
qualitatively similar when we compare the IRF basadeal-time and revised data, but
guantitatively milder when considering real-timeaadarhe impact response is only 1.5 %
when real-time data are considered, but in realitis 2.3 %. Considering the im-
portance of this result for monetary policy, negatinstead of positive demand shock
may more suitable. In such case, real-time resuitderestimate the drop in output
growth by 0.8 of a percentage point.

The third panel depicts the domestic interest regponse to favorable supply shock in
the Czech small open economy (SOE) model. The nsgpbased on real-time data is
milder and also does not predict the trough inlRie found in the first quarter after the
shock. Therefore, in this case, there is a quainttalifference between the two data
types, and also a slightly different IRF evolutidwain, this result may be more inter-
esting from the point of view of policy institutierif we flip over the graph and suppose
an unfavorable supply shock. In such a case, meal-tlata would suggest only half of
the rise in the monetary instrument really requieedounter the inflationary pressures.

The fifth panel of Figure 5 depicts the results floe Swiss SOE model. Most of the
major differences in IRFs for Switzerland are samilTypically, the real-time data un-
derestimate the impact of the shock on the doméstid also foreign) GDP growth rate.
However, unlike in the first panel, where we obsera GDP growth reaction in Swe-
den, here the difference is not just in the implgt,the convergence towards the steady
state is also different. The reason for this ismyathat the shock is to the growth rate of
the world-wide technology shock, which influencks balanced growth path.

The graphs on which we have commented show thdtsesfuvarious shocks (supply,
demand, and world-wide technology), in various ecoies (Swedish, Czech, and
Swiss), and with various observable variables (@Dd&wth, interest rate). This selec-
tion suggests that different shapes and/or mageséted IRFs may be observed in vari-
ous model settings, when using real-time data peseyl to revised data.

The right-hand panels of Figure 5 depict inflati@actions to a favorable world-wide
technology shock. Panels 2 and 4 (for the SwedishRolish economies, respectively)
look alike, except the lines are swapped. This satgthat real-time data may suggest
not only a stronger reaction than final data, usdme cases also a weaker reaction.
The last panel shows inflation reaction for the ganan SOE. The estimated model for
the Hungarian small open economy features someneegwitches and jumps of param-
eters, as already discussed. Several IRFs follesvypthitern and are very different, pos-
sibly due to regime switches in parameters. Thangka shows a much more severe
reaction of inflation to the world-wide technologhock when calculating based on
real-time data.
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6 Conclusion

This paper investigates several characteristicgeaf-time macroeconomic data in
Czech, Polish, Hungarian, Swiss, and Swedish ec@®mnd the euro area.

Data revisions of GDP growth and inflation are wasleid and not autocorrelated in all
countries. Inflation is usually accurately measuredeal-time. The Czech, Polish, and
Hungarian economies demonstrate the lowest noisgytal ratios (around 0.2). On the
other hand, Switzerland has noise-to-signal raifcsbove 0.6. GDP growth is general-
ly subject to greater data revision, with noisesignal ratios ranging from below 0.3 in
the euro area to above 0.7 in the worst casesZ&uand).

Trend revisions are calculated with linear timenttén the euro area and using the Ho-
drick-Prescott filter in the remaining economies. dan be expected, trend revisions are
highly autocorrelated and unbiased; the only exoaps the Polish economy, for which
trend revision is biased. Noise-to-signal ratiasgeafrom 0.40 in the euro area to 0.70
in Switzerland.

This paper reports many statistically significatiffedences between parameter esti-
mates based on real-time data and those baseddoregised data. These differences
can be interpreted as indicating that if a resesarblases her estimates on fully revised
data, she will come to different conclusions thha would have if she had used time
series downloaded from internet databases, whichtogjether revised and unrevised
data. Economically interesting results were founddveral areas.

Some results occurred for parameters that shiféddes during the observed time peri-
od, which creates a nice natural experiment fairngsestimation power with real-time
data. In many cases, estimates based on real-titaaehcted to economic changes late,
or did not react at all. Examples discussed in pliger included, for example, the habit
parameter and persistence of supply shock in tleelCaconomy.

Another group of significant results arose from theg-term over/underestimation of

the “true” value of the parameter. In the Hungagannomy, for instance, at least three
parameters were found to be underestimated whétimeadata were used in the anal-
ysis.

Many other results occur due to unsynchronized gbsaiin parameter regimes. This is
usually indicated by the skewness or even bimadalitthe posterior parameter distri-
bution. Quarter-by-quarter, the information in theta changes, and different modes of
the bimodal distribution may become major. Switghlretween the modes results in
apparent sharp changes in the parameter valu® #Hwitches between the use of real-
time data and revised data are not synchronizésl réisults in statistically significant
differences between the parameter estimates. TleeliSiveconomy demonstrates many
results of this type.

Exemplary impulse response functions suggest tiabéhavior of the model estimated

with real-time data and that estimated with revidath may be very different. There are

differences in the impact of the shock as welllesdonvergence to the steady state. In
many cases, the differences between impulse regsganstions based on real-time data
and those based on revised data are economicgfiifisant.
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All in all, it is clear that there are consisteiiffatences between parameter estimates
calculated using real-time data, and those usiniged data. Impulse response analysis
suggests that the reactions of the model economylifferent and large enough to be
policy-relevant. In the context of the analysesdiarted in this paper, real-time data
matter.
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